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In  accordauce  with  the  programme  accompanying  the  call 
for  the  meeting,  the  members  of  the  Association  assembled  at 
the  office  of  the  Connecticut  Pipe  JIanufacturing  Company 
at  West  Haven. 

After  a  few  nainutes  spent  in  social  chat  the  meeting  was 
called  to  order  by  First  Vice-President  W.  B.  Palmer.  The 
fijFBt  business  on  the  programme  was  the  following  paper : 

EEMARKS  ON  HYDRAULiq  PIPES. 
By  E.  JZ  PMpjpB,  C.  E. 

Mr.  President  and  Gentlemen  of  the  Association  : 

In  the  construction  of  water  works  there  is  no  part  of  the 
undertaking  that  requires  so  much  thoughtful  consideration  as 
the  selection  of  the  water  mains,  and  the  proper  placing  of 
them  in  position,  for  it  is  that  part  of  the  work  that  bears  the 
heavy  burden,  that  is  constantly  subjected  to  tlie  heavy  strains 
and  pressures,  incessant  in  their  action,  and  it  is  in  the  pipes 
where  the  conflict  of  the  law  of  forces  never  ceases,  and  con- 
sequently any  disturbance  of  a  line  of  pipe,  such  as  the  vibra- 
tion of  sudden  jars,  the  rolling  of  heavy  weights  over  them, 
the  construction  of  sewers  along  their  lines,  and  many  other 
causes  tending  to  the  yielding  of  their  strength  to  the  constant 
pressure  upon  them,  inflicts  a  loss  which  is  never  regained,  for 
the  power  of  resi^nce,  once  lost,  in  its  opposition  to  the  lawp 
of  pressure,  cftu  npver  be  r^covere4- 


The  question  of  the  delivery  of  pure  water,  as  well  as  the 
preservation  of  the  mains  and  pipes  used  for  its  transportation^ 
is  also  one  of  the  greatest  importance,  and  the  health  of  a  city 
or  town  may  in  a  great  measure  be  said  to  depend  on  its  water 
supply. 

Elaborate  articles  have  been  written  on  the  life  of  iron ;  but 

when. i^elbVinir The  fluesiidaiof  its  life  into  connection  with  cast 
•  •  • '  •  ^*  *^        ^       ■  ••'  • 

iron  Watdr  pipfes,  We'mftr^r  ^pfeak  with  a  degree  of  certainty. 

If  we  mfigf  cdijScJeiyje  life  of  any  manufactured  iron  to  have 
ceased,  w£^p*3ls**U8Qfuiness  is  so  impaired  by  natural  decay 
that  it  y  btc^pab&r^S^j^rforming  the  functions  for  which  it 
was  intended,  then,  it  seems  to  me  sound  reasoning,  that  when 
fire  hydrants  are  powerless  to  supply  fire  enji^ines,  when  water 
pipes  lose  their  character  by  refusing  to  deliver  water,  when 
cast  iron  branches  are  a  serious  obstacle  to  the  current  which 
they  turn,  when  the  velocity  in  mains  is  reduced  in  very  great 
degree  by  the  corrosion  of  cast  iron  bends,  when  iron  valves 
reduce  the  diameter  of  pipes,  then,  the  life  of  iron  as  adapted 
to  such  purposes,  is  easily  determined. 

In  treating  the  subject  of  distribution,  we  find  one  great 
objection  to  the  use  of  unprotected  iron,  and  that  is  the  oxida- 
tion. Allied  to  that  one  defect,  as  effect  follows  cause,  we 
know  that  it  produces  the  following  results :  Diminishes  the 
capacity  of  the  pipe,  increases  frictional  resistance,  and  conse- 
quently diminishes  the  discharge,  and  so  impregnates  the  water 
with  the  hydrous  oxide  of  iron  as  to  often  color  it. 

Now,  while  every  engineer  is  conversant  with  these  facts,  it 
may  be  possible  that  some  are  not  aware  to  what  extent  this 
oxidation  forms,  and  thercfOr  do  not  realize  its  importance.  1 
will  here  mention  a  few  instances  that  are  a  matter  of  record. 

Keefer,  engineer,  in 'his  report  on  the  Quebec  acqueduct, 
says:  '*From  experiments  made  at  New  York  and  Jersey 
City  on  mains  36  inches  and  24  inches  in  diameter,  the  first  two 
miles  long  and  the  second  six  miles  long,  it  was  found  that  the 
computed  delivery  should  be  reduced  by  30  to  33  per  cent,  due 
to  tubercular  corrosion." 


\ 


Gale,  engineer,  Glasgow,  reports  "that  two  pipes,  one  of  37 
years,  and  the  other  of  10  years,  doth  reduced  to  one-half  the 
calculated  delivery." 

I  quote  from  **Trautwine."  *' Formerly  in  Boston  cast  iron 
city  pipes  of  four  inches  diameter  became  closed  up  in  seven 
years,  and  those  of  larger  diameters  became  seriously  reduced 
in  the  same  time." 

This  seems  to  me  somewhat  exaggerated,  but  no  more  so 
than  the  assertion  which  follows :  "That  a  mode  of  preserva- 
tion had  been  adopted  by  dipping  the  pipe  when  hot  in  coal 
tar" 

R  D.  Wood  &  Co.,  in  their  circular  for  1881:  *'It  was 
found  that  tubercular  secretions  had  formed  so  freely  on  the 
interior  of  cast  iron  pipes  as  to  seriously  diminish  the  volume 
of  their  flow." 

Hnmber,  in  his  elaborate  treatise  on  the  subject,  says :  "  At 
White  Haven  the  soft  water  froiyi  Lake  Ennerdale  acted  on  the 
cast  iron  pipes,  and  in  a  very  few  years  those  of  three  inchcg 
diameter  were  all  tubercled,  corroded,  crusted  up  and  filled 
with  oxidized  matter." 

Col.  Ludlow,  engineer,  Philadelphia  Water  Works,  says: 
"  Some  of  the  cast  iron  pipe  has  been  in  the  ground  so  long 
that  the  accumulations  on  the  inside  from  incrustation  have 
converted  a  four-inch  pipe  into,  in  some  cases,  less  than  an  inch 
and  a  half,  and  one  section  of  pipe  was  shown  in  which  the 
incrustation  was  so  great  that  the  hole  through  which  the  water 
could  run  was  scarcely  large  enough  to  allow  the  entrance  of 
the  little  finger.  In  some  cases  the  fire  hydrants  are  attached 
to  pipes  from  whence  no  supply  can  be  obtained." 

Humber  says  again  :  *•  That  great  difficulty  was  experienced 
by  incrustation  in  the  pipes  of  the  Dublin  AWtter  Works,  which 
were  all  coated  inside." 

One  of  the  hydrant  connections  in  Sachem  Street,  New 
Haven,  Conn.,  was  so  corroded  that  the  four-inch  cast  iron  pipe 
would  not  perform  the  effective  duty  of  a  two-inch  pipe.  All 
cast  iron  water  mains  are  undergoing  the  same  process  of  cor- 
rosion, and  no  process  of  coating  has  ever  been  discovered  that 


will  prevent  it.  (I  ^^ill  call  your  attention  to  the  cast  iron 
branch  which  is  exhibited  here.  This  branch  has  only  been  in 
use  for  about  eight  years,  and  you  will  notice  the  very  large 
amount  of  *•  filling  up"  that  has  taken  place  in  so  short  a  time.) 
Now  when  we  reflect  that  the  "  consumption "  on  the  water 
mains  is  continually  increasing  and  the  capacity  for  supply  is 
in  the  meantime  decreasing,  we  may  readily  see  the  one  great 
defect  of  cast  iron  pipe. 

Thoughtful  minds  have  been  occupied  for  years  in  the  dis- 
covery of  some  preparation  that  will  act.  as  a  permanent  pre- 
servative from  corrosion  of  iron  without  materially  increasing 
its  bulk.  But  nothing  has  been  found  that  will  take  the  place 
of  pure  cement.  The  history  of  cemented  conduits  for  the 
conveyance  of  water  long  distances  antedates  that  of  cast  iron 
many  centuries.  I  will  cite,  for  example,  the  system  of  water 
supply  as  existing  in  Rome  at  the  present  day. 

The  acqueduct  of  **  Aqua  Felici  '*  was  built  146  years  before 
the  Christian  era,  '*  Aqua  Virgini "  22  years  before  that  period, 
and  "Aqua  Faola,"  A.  I).  14.  Those  three  aqueducts  supply 
modern  Rome  to-day  with  fifty  millions  of  gallons  per  diem. 
We  might  refer  to  the  many  large  viaducts  and  aqueducts 
built  by  the  old  Romans  m  Germany,  France  and  Italy  in  a 
similar  manner  to  the  Roman  system,  which  so  fully  exemply- 
'fies  the  durability  of  cement. 

Forty-fivo  years  ago  Mr.  Jonathan  Ball,  an  ingenious  me- 
chanic, invented  an  hydraulic  pipe  and  the  following  appeared 
in  the  New  York  Express,  dated  October  31st,  1845 :  (With 
your  permission  I  will  read  from  the  original  paper  of  that 
date.) 

••  Few  of  the  articles  exhibited  have  greater  claims  to  import- 
ance and  usefulness  than  the  cement  pipe  manufactured  by 
J.  Ball  &  Co.,  140  Fulton  street.  It  consists  of  a  pipe  of  tin 
or  iron,  lined  inside  with  hydraulic  cement  of  the  desirable 
thickness  and  with  a  very  smooth  surface.  When  the  cement 
has  become  hard,  the  pipe  is  laid  down  and  covered  with  a 
coating  of  cement  as  thick  as  is  required  by  the  pressure.  The 
iron  or  tin  pipe  thus  becomes  inclosed  on  the  inside  and  outside 


with  a  cement  which  soon  becomes  stone  and  completely  pro- 
tects the  metal  from  rust" 

That  pipe  possessed  all  the  merits  of  cast  iron  pipe  in  a  more 
eminent  degree,  and  was  entirely  free  from  its  great  defects, 
viz. :  Corrosion  and  discoloration  of  water.  Unfortunately  it 
was  discovered  that  an  admixture  of  sand  could  be  used  and 
economy  in  its  manufacture  suggested  such  proportion  of  sand 
that  in  many  cases  it  amounted  to  three  of  sand  to  one  of 
cement,  and  the  name  of  cement  pipe  as  applied  to  that  style 
of  mains,  from  that  time  became  a  misnomer.  Before  the  long 
conflict  between  theory  and  practice  in  the  manufacture  of  this 
pipe  had  ended,  a  conflict  that  had  lasted  more  than  thirty 
years,  over  one  hundred  water  companies  had  adopted  it.  It 
is  now  being  gradually  abandoned  and  passing  out  of  market, 
from  its  one  serious  defect,  viz :  Oxidation  from  the  use  of 
sand. 

The  experience  of  forty-flve  years,  however,  has  developed 
one  bright  spot  in  this  pipe  and  proved  conclusively  that  pure 
cement  and  wrought  iron  combined  are  imperishable.  For  in 
this  kind  of  pipe  there  has  ever  been  one  portion  of  it  where 
the  pure  cement  has  invariably  been  used,  and  there  the  iron 
has  been  preserved  in  all  its  virtues ;  I  allude  to  the  joints  and 
sleeves. 

I  will  now  pass  from  the  consideration  of  the  pipe  made  of 
iron,  sand  and  cement  and  allude  to  our  pipe  as  we  manufac- 
ture it  to-day.  It  possesses  all  the  merits  of  other  pipes  with 
none  of  their  defects.  It  is  made  with  two  metallic  shells,  or 
wrought  iron  pipes,  with  a  lining  of  pure  cement  inside,  and 
the  intermediate  filling  of  pure  cement  between  the  shells. 

The  evidence  of  its  indestructibility  is  its  use  for  forty-five 
years.  The  great  prejudice  existing  against  the  pipe  composed 
of  sand,  cement  and  iron,  cannot  justly  be  applied  to  this  pipe, 
for  the  faults  or  defects  of  the  former  are  not  inherent  in  the 
latter. 

Our  system  is  complete  in  reference  to  the  preservation  of  its 
internal  diameter,  for  the  branches,  bends  and  valves  are  lined 
with  pure  cement,  and  as  the  diameter  of  the  pipe  is  increased 
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the  thickness  of  the  inner  cylinder  of  wrought  iron  is  increased, 
so  that  any  strength  desired  may  be  obtained. 

The  old  method  of  manufacture  was  to  round  up  and  rivet 
a  sheet  of  iron  into  a  pipe,  set  it  up  on  nnd  and  drop  a  cone 
down  through  the  pipe  with  a  derrick,  the  cone  being  from  two 
to  four  feet  long,  according  to  the  size  of  the  pipe.  The  cone 
had  arms  which  centered  it  in  the  pipe.  The  cement  was  then 
thrown  into  the  pipe  and  settled  by  punching  it  down.  The 
cone  was  then  drawn  up  through  the  pipe,  forcing  the  cement 
into  an  even  coating  on  the  inside  of  the  pipe.  The  pipes  were 
then  ready  for  laying  in  the  trenches,  which  was  done  by  laying 
them  down  end  to  end  and  then  making  a  sleeve  joint  around 
them,  and  then  the  whole  pipe  covered  with  cement.  Our 
pipes  are  made  almost  entirely  by  machine.  The  sheet  iron  is 
rounded  up  in  a  machine  and  then  riveted  by  hand.  We  put 
a  male  and  female  end  on  each  pipe  by  driving  a  cast  iron  ring 
into  each  end  —  one  male  the  other  female.  These  rings  are 
made  thick  enough  on  the  inside  to  allow  for  the  cement  coat- 
ing and  at  the  same  time  act  as  guides  for  centering  the  lining 
cone. 

Our  process  of  manufacture  is  so  simple  that  you  will 
readily  understand  it  in  passing  through  the  factory,  but  I 
will  state  here  that  as  simple  as  it  may  seem,  a  few  years  ago 
it  was  all  accomplished  by  manual  labor  ;  now  we  use  steam 
power  to  a  very  large  extent,  ensuring  us  a  more  perfect 
product.  You  will  notice  particularly  the  machines  for  lining 
the  shells  and  mixing  the  cement;  the  former  machine  is 
operated  on  two  floors  and  a  basement,  the  shell  being  placed 
in  an  elevator  or  frame  on  the  first  floor. 

The  cement  is  then  mixed  on  the  second  floor  and  a 

« 

quantity  just  sufficient  to  line  the  pipe  is  placed  in  the  top  as 
it  stands  in  the  elevator;  the  elevator  and  shell  are  then 
lowered  on  to  the  cone  which  revolves  in  the  basement ;  rais- 
ing the  elevator  and  taking  out  the  shell  completes  the  opera- 
tion of  lining ;  after  careful  inspection  the  lined  pipe  is  stood 
on  end  and  the  jacket  or  outside  covering  placed  over  it 


ready  for  the  final  operation  of  filling  in  between  the  two 
metallic  shells. 

Our  machines  for  mixing  the  cement  are  also  operated  by 
power,  and  consist  of  a  metallic  tube  with  a  perpendicular 
shaft  with  arms  that  reyolve  in  the  cement  and  water.  These 
machines  will  perfectly  mix  four  or  five  barrels  of  cement  in 
three  or  four  minutes. 

In  reply  to  questions  from  different  members,  Mr.  Phipps 
referred  the  members  to  a  sample  of  iron  casting  which  he  had 
on  exhibition.  It  was  a  four-inch  joint  and  was  badly  filled 
up ;  although  it  had  been  in  the  ground  but  eight  years  the 
tubercles  were  quite  heavy  and  diminished  the  section  of  the 
pipe  very  materially. 

A  Member:  Your  pipe  is  made  with  two  thicknesses  of 
iron,  is  it  not? 

Mr.  Phipps :  Yes ;  a  layer  of  cement,  one  of  iron,  another 
of  cement  and  then  the  jacket  of  iron. 

In  our  water  pipe  we  use  no  sand  whatever,  but  do  use  some 
in  our  '*  conduits  "  for  electrical  purposes,  but  even  if  the  iron 
does  rust  out  there  would  still  be  a  solid  cement  pipe.  We 
line  all  our  branches  and  sleeves  and  also  furnish  special  gates 
if  required  so  that  the  water  comes  in  contact  with  none  of  the 
iron.  Our  conduit  pipe  has  been  used  extensively  in  New 
Haven,  New  York;  and,  also,  in  Chicago,  Detroit  and  Syracuse. 
We  are  now  laying  it  in  Boston.  It  has  proved  a  success 
wherever  used,  as  it  makes  a  vei^  strong  and  substantial 
conduit. 

Query :     How  do  you  get  the  wires  through  ? 

Mr.  Phipps:  The  wires  are  all  drawn  through  after  the 
pipes  are  laid.  We  use,  sometimes,  a  sectional  rod,  or  some- 
times a  piston  and  bellows  to  draw  the  leaders  throuefh  with. 
The  leaders  are  a  piece  of  thread,  then  a  cord,  and  then  a  wire 
to  which  the  cable  is  attached.  The  cable  is  drawn  through 
by  horses.  We  have  had  no  trouble  from  leakage  in  our 
conduits,  although  this  is  the  great  trouble  in  other  kinds.  We 
We  have  a  company  in  Philadelphia  now  which  controls  all  the 
patents  relating   to  this  business  in  the  United  ^States  and 
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another  in  San  Francisco.  We  can  put  from  50  to  250  wires 
into  each  hole  or  duct  and  have  seven  ducts  to  a  pipe.  The 
Hartford  ducts  were  single  laid  in  a  bed  of  mortar.  I  believe 
our  **  conduit "  to  be  the  coming  conduit  because  it  takes  up 
less  room  in  the  streets. 

Query:  Do  not  you  lay  your  water  pipe  with  lead  and 
gasket  joints  ? 

Mr.  Phipps :  Our  cement  and  iron  pipe  can  be  laid  with  a 
lead  and  gasket  joint  like  cast  iron  pipe,  but  we  have  had  650 
pounds  pressure  on  one  of  6-inch  cement  sleeves. 

Query :     What  cement  do  you  use  ?    And  how  much  ? 

Mr.  Phipps:  We  use  about  100  barrels  o£  Eosendale 
cement  daily.  We  have  never  used  Portland  cement,  and  I 
doubt  its  economy  for  us. 

Query  :  How  long  does  it  take  for  the  cement  to  set  firmly 
enough  to  put  your  pipe  in  order  to  uset 

Mr.  Phipps :  It  takes  from  ten  days  to  two  weeks  for  the 
cement  to  set  perfectly  on  the  new  pipe. 

Query  :     How  do  you  make  tappings  on  your  pipe  ? 

Mr.  Phipps :  We  solder  on  a  corporation  cock  to  the  shell. 
Then  you  can  drill  the  hole  with  a  breast  drill,  turn  off  the 
water  and  put  in  the  "eel  protector  " — (this  is  a  small  spiral 
spring  which  goes  inside  the  service  pipe) — then  cement  is 
put  around  the  connection  and  the  water  turned  on.  This  is 
for  tappings  on  top  of  the  pipe,  which  in  some  localities  is 
olTjectionable  on  account  of  danger  of  freezing.  We  also 
make  a  joint  on  the  side  which  is  screwed  on  (specimen  of 
fastening  shown).  The  hole  is  drilled  through  as  in  the  other 
case.  The  workman  can  carry  tools  for  these  tappings  in  his 
hands. 

Query  :     Don't  you  shut  off  the  pressure  from  the  main  ? 

Mr.  Phipps :  We  do  riot  turn  off  the  water  to  make  con- 
nections. The  arbor  screws  up  against  the  shell  and  makes 
it  tight  and  it  can  be  put  on  (juicker  because  there  is  no 
goWering  to  be  done. 
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Mr.  S.  E.  Grannis,  superintendent  New  Haven  Water 
Works,  has  used  these  for  some  time,  and  can  tell  you  more 
about  them. 

Mr.  Granniss :  We  have  used  them  for  eight  years.  Our 
arbor  is  in  two  pieces.  We  make  the  connections  without 
cutting  away  any  cement.  We  cut  away  under  the  front 
strap.  They  work  so  well  we  use  them  entirely,  putting  in 
from  600  to  800  a  year.  The  cement  put  on  outside  after  the 
tapping  is  made  protects  the  arbor  as  well  as  the  pipe.  The 
great  point  gained  is  in  having  a  side  joint. 

Query  :     Cannot  this  composite  pipe  be  laid  like  cast  iron  ? 

Mr.  Granniss:  Tou  can  use  cast  iron  sleeves  with  lead 
joints.  A  ferroid  joint  is  successful  in  some  cases  and  not  in 
others. 

Query :     IIow  soon  do  you  let  on  the  water  ? 

Mr.  Granniss:     In  two  hours. 

Mr.  Phipps:  Where  the  drill  goes  through  we  have  never 
discovered  that  it  went  in  far  enough  to  injure  the  pipe.  The 
cement  will  not  break  on  the  inside.  The  edge  of  the  iron 
cut  through  will  be  exposed,  but  not  enough  to  make  any 
corrosion. 

Mr  Granniss :  There  never  has  been  any  corrosion  to  any 
extent. 

Mr.  Phipps:  With  the  ** stove-pipe  cement  pipe"  they  use 
the  same  tap.  Sometimes  they  were  put  in  place  and  riveted 
to  the  sheet  iron  pipe  before  laying,  but  were  more  trouble 
than  they  were  worth  because  you  had  to  dig  for  them,  and 
sometimes  did  not  come  within  eight  feet  of  them. 

After  this  discussion  the  members  were  taken  through  the 
shops  of  the  Pipe  Company  and  were  given  an  interesting 
illustration  of  their  process  of  manufacture,  all  the  various 
parts  being  shown.  Returning  to  the  office  they  found  a  table 
spread  with  a  lunch  which  was  thoroughly  enjoyed  by  all. 

After  lunch  an  adjournment  was  taken  to  the  rooms  of  the 
Young  Men's  Republican  Club,  where  th^  remaipder  of  the 
programme  w^  t^ken  up  as  follows ; 
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On  motion,  the  reading  of  the  minutes  of  the  annual  meet- 
ing, held  in  Hartford,  January  1-ith,  1890,  was  omitted,  they 
having  already  been  printed  and  distributed  to  the  members. 

Applications  for  membership  were  received  from  the  follow- 
ing gentlemen : 

Albert  S.  Glover,  West  Newton,  Mass. 

Lawrence  B.  Jenckes,  Engineer  Water  Works,  Manchester, 
Conn.,  Stamford,  Conn. 

Andri  Blasini  Stallmeyer,  Engineer  Northern  Division  Gov- 
ernment Works,  Trinidad,  B.  W.,  Indies,  Port  of  Spain, 
Trinidad,  B.  W.  Indies. 

Kobert  A.  Cairns,  C.  E..  Assistant  City  Engineer,  Water- 
bury,  Conn. 

Edward  N.  Pike,  C.  E.,  Assistant  Engineer,  Hartford  Water 
Works,  South  Killingly,  Conn.  ' 

W.  M.  P.  Shelton,  Torrington,  Conn, 
and  on  motion,  referred  to  the  Committee  on  Membership, 
and  upon  the  favorable  report  of  that  committee  the  above- 
named  gentlemen  were,  under  a  suspension  of  the  rules, 
elected  by  acclamation  to  membership  in  this  Association. 

The  Secretary  then  read  the  following  paper  prepared  by 
Mr.  H.  J.  Kellogg  who,  being  unavoidably  absent,  had  for- 
warded it  to  him  with  the  request  that  he  read  it : 

IN   MEMORIAM. 

F.   FLOYD  WELD. 

Mr.  President  and  Members  of  the  Association  : 

The  hush  of  death  is  broken,  and  it  is  a  fitting  time  to  pay 
a  tribute  of  words  to  the  memory  of  our  late  President,  our 
friend  and  associate,  Frederick  Floyd  Weld.  He  fell  a  vie" 
tim  to  a  foe  he  had  been  battling  in  the  defense  of  the  com- 
munity, whose  servant  he  was,  and  to  human  vision  his  end 
was  untimely.  Mr.  Weld  was,  in  youth,  a  Guilford  boy ;  his 
father,  the  commander  of  a  vessel,  making  long  voyages. 
Thus  his  early  training  was  left  to  his  mother,  and  to  her 
tender  care,  to  her  ftrm  but  gentle  and  loving  band  is  due  the 
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credit  of  rearing  a  man  of  honesty  and  integrity.  Upon  the 
death  of  his  brother  at  an  early  age,  he  became  the  only 
child  and  continued  through  youth  and  manhood  the  idol  of 
his  parents.  They  determined  that  he  should  have  the 
advantage  of  a  college  education,  being  encouraged  by  his 
aptitude  for  learning,  and  a  sum  was  laid  by,  through  careful 
saying,  to  defray  college  expenses.  This  money  was  turned 
over  to  him  when  he  matriculated  and  in  due  time  he  was 
graduated  with  credit  to  himself  without  further  assistance. 
Shortly  after  graduation  he  became  connected  with  the  city 
engineering  department  of  New  Haven,  a  position  he  held 
for  about  four  years.  He  was  for  a  short  time  on  the  United 
States  Coast  Survey  and  located  in  the  vicinity  of  Philadel- 
phia. After  severing  his  connection  with  New  Haven,  where 
he  had  acquitted  himself  with  great  credit  and  won  the  esteem 
of  all  his  associates,  he  was  engaged  in  engineering  work  of 
more  or  less  importance  in  different  localities  until  he  took 
charge  of  the  construction  of  a  railroad  in  western  Pennsyl- 
vania. This,  he  often  remarked,  was  the  roughest  experience 
of  his  life.  He  had  to  manage,  with  the  assistance  of  a  few 
gang  bosses  and  one  or  two  assistants,  a  force  of  nearly  three 
hundred  Italians,  and  was  successful  in  making  money  for 
the  contracting  party  out  of  what  had  been  a  losing  job  until 
he  assumed  control.  It  was  interesting  to  hear  him  tell  his 
experiences  of  the  life  out  there  and  such  was  his  natural 
modesty  and  reticence  that  the  story  of  the  success  gained, 
where  financial  failure  seemed  probable,  was  only  brought  out 
by  close  questioning.  At  the  close  of  the  work  he  was  made 
to  feel  the  ingratitude  and  lack  of  honor  noticeable  in  far  too 
many  men  whose  motto  is,  ''Business  is  business,''  and  which, 
with  them,  covers  many  sins.  In  spite  of  a  definite  agree- 
ment that  the  engagement  was  to  be  a  steady  one,  he  was 
informed  by  the  man  whose  money  he  had  rescued,  that,  for 
an  interval,  there  would  be  no  need  of  his  services  abd  that 
the  salary  would  be  discontinued  until  work  was  re-com- 
menced. He  was  complimented  on  the  manner  he  had 
prosecuted  the  work  and  assured  that  as  soon  as  possible  fur- 
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ther  work  would  be  started  and  he,  of  course,  needed;  and  more 
empty  phrases  to  that  eflfect.  Weld  had  married  in  December, 
1874,  and  at  the  time  we  are  speaking  of,  the  late  fall  of  1882, 
found  himself  with  a  wife  and  two  daughters  dependent  on 
him,  but  with  no  ready  means  of  support.  Much  sickness  in 
his  family  had  swept  away  his  earnings  and  to  a  man  of  his 
great  affection  the  outlook  must  have  been  disheartening. 
He  was  without  employment  at  a  time  of  the  year  civil 
engineers  most  dread  and  all  through  no  fault  of  his  own. 
Mr.  D.  C.  Sanford  and  the  writer  were  at  that  time  associated 
and  fortunately  could  offer  inducements  to  Weld  to  join  us. 
He  did  so  and  that  commenced  a  friendship  and  intimacy 
where  formerly  the  writer  had  only  acquaintance.  Weld  was 
a  man  fitted  to  command  for  he  was  the  readiest  to  obey  when 
duty  i^-equired;  fitted  to  direct  work  of  importance,  as  he 
always  showed  attention  to  detail,  and  however  trivial  the 
subject  he  never  slighted  it.  He  was  associated  with  us  for  a 
short  time  only,  as  he  was  called  to  Waterbury  in  the  summer 
of  1883  to  lend  his  assistance  in  starting  and  constructing  a 
a  system  of  sewers  after  plans  by  Rudolph  Herring.  Before 
he  became  aware  of  it,  the  discerning  men  at  that  time  on 
the  Boards  of  Road  and  Sewer  Commissioners,  had  deter- 
mined to  offer  him  the  position  of  City  Engineer,  an  office 
newly  created,  and  he  became  the  first  incumbent.  In  this 
move  the  commissioners  were  advised  by  Mr.  N.  J.  Welton, 
who  stepped  aside  to  make  room  for  a  young  and  rising 
engineer — an  example  of  generosity  seldom  met  with.  His 
career  in  this  office,  which  he  held  until  his  death,  was  suc- 
cessful from  the  start.  The  work  in  his  department  was  done 
with  thoroughness  and  as  a  result  Waterbury  has  a  system  of 
sewers  as  nearly  perfect,  in  its  kind,  as  any  in  the  country. 
He  had  commenced  on  the  work  in  its  infancy  and  could  well 
be  proud  of  the  result  of  his  efforts.  His  fitness  as  a  sanita- 
rian led  to  his  appointment  as  a  member  of  the  Board  of 
Health  of  Waterbury,  and  on  all  points  where  the  judgment 
of  an  expert  was  required  his  opinion  was  accepted.  During 
his  incumbency  of  the  office  of  City  Engineer  it  was  but  nat- 
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nral  that  he  should  have  encountered  opposition,  but  his  quiet 
determined  manner,  and  the  fact  that  he  always  knew  thor- 
oughly what  he  was  discussing  overcame  his  opponents  and 
his  tact  in  such  matters  gained  him  friends  among  those  who 
had  opposed  him.  The  duties  of  a  City  Engineer  seldom  call 
for  an  exhibition  of  genius  or  for  the  accomplishment  of 
extraordinary  engineering  feats  that  win  the  plaudits  of  the 
public.  But  to  successfully  administer  the  duties  of  that  office 
while  a  city  is  undergoing  radical  changes  and  is  being  lifted 
out  of  ruts  in  which  it  had  lain  for  years,  requires  a  man  of 
tact  and  firmness  as  well  as  engineering  skill.  For  the  six 
years  that  Weld  held  the  office  he  kept  all  work  up  to  a  high 
standard  without  friction,  and  in  that  period  he  executed  all 
kinds  of  work  incidental  to  the  improvement  of  a  city  and 
met  contractors  from  many  localities  and  of  varying  disposi- 
tions, and  the  writer  is  confident  of  endorsement  when  stating 
that  every  one  of  them  will  freely  praise  his  fairness  and  good 
judgment.  In  giving  tongue  to  our  sentiments  of  esteem  and 
friendship  it  may  be  as  well  to  generalize  and  not  make 
further  attempt  to  specify  his  virtues.  Weld's  life  offered  no 
opportunities  for  grand  sounding  deeds  of  heroism.  It  was 
hard  and  constant  toil,  with  duties  many  and  never  neglected, 
a  life  whose  profile  shows  no  sharp  peaks,  denoting  flights  of 
genius  nor  deep  ravines  of  folly,  but  a  steady  upward  grade 
toward  perfection.  As  we  meet  in  future  without  him  we 
need  not  speak  of  him  in  mournful  cadences.  It  would  have 
been  his  wish,  had  he  forseen  his  end,  that  after  his  death 
naught  but  pleasant  thoughts  should  be  connected  with  his 
memory.  He  would  not  that  sadness  should  mar  any  of  the 
social  pleasures  he  so  keenly  enjoyed  while  with  us.  Our 
sympathies  go  out  without  stint  to  the  family  that  has  lost  his 
strong  and  teving  support.  An  awful  loss  is  theirs.  Weld 
was  a  member  of  the  American  Society  of  Civil  Engineers, 
having  been  elected  soon  after  his  appointment  as  City  En- 
gineer. The  Masonic  Order  lose  a  valued  member  who  had 
already  risen  to  a  high  degree  in  their  ranks,  and  it  was  under 
their  impressive  ritual  that  his  body  was  finally  laid  at  rest  in 
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the  town  where  he  had  spent  his  youth.  His  mind  was  like 
an  indexed  book  in  all  matters  relating  to  his  work,  and  his 
decisions  were  made  with  a  readiness  that  sometimes  seemed 
to  be  intuition.  But  the  unvarying  accuracy  in  it  all  showed 
a  strong  intellect,  well  disciplined.  He  had  achieved  success 
in  the  sphere  in  which  he  had  lived  and  worked,  and  he 
seemed  destined  to  be  called  to  more  extended  fields  and 
greater  renown.  But  his  life  was  ended  as  he  was  reaching 
his  prime  and  when  he  was  beginning  to  enjoy  the  fruits  of 
his  labor.  However  much  we  may  feel  disposed,  in  our  feeble 
way,  to  protest  against  the  fate  that  took  him  from  his  place 
on  earth,  we  must  reflect  that  he  has  merited  the  highest 
reward  for  a  life  well  lived. 

H.  J.   KELLOGG. 

On  motion,  Messrs.  Bunce,  Chandler  and  Angue  were 
appointed  a  committee  to  draft  resolutions  in  memory  of  our 
late  President,  F.  Floyd  Weld. 

Upon  the  report  and  recommendation  of  this  Committee> 
it  was 

Voted^  That  it  is  the  sense  of  this  meeting  that  the  paper 
written  by  Mr.  H.  P.  Kellogg  be,  and  is  hereby  adopted  by 
this  Association  as  a  tribute  and  memorial  of  our  late  asso- 
ciate and  President,  and  that  it  be  printed  as  a  part  of  the 
proceedings  of  this  meeting. 

The  report  of  the  Special  Committee  '*  To  examine  the  laws 
of  this  and  other  states  concerning  the  construction  and 
maintenance  of  Reservoirs  and  Dams,"  was  then  read  by  the 
Chairman  of  the  Committee,  Mr.  N.  J.  Welton,  and  is  as  fol- 
lows: 

REPORT  OF    THE    SPECIAL  COMMITTEE. 

To  the  Connecticut  Association  of  Civil  Engineers  and 
Surveyors  : 
Gentlemen  : — The  Special  Committee  named  at  the  meet- 
ing of  the  Association,  held  at  New  Haven  in  September,  1889, 
'*  To  examine  the  laws  already  enacted  by  the  Legislatures  of 
this  and  other  States,  concerning  the  construction  and  main- 
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tenance  of  Dams  and  Reservoirs,  and  report  to  the  Associa- 
tion such  new  legislation  or  changes,  if  any,  as  they  think 
should  be  made,"  respectfully  report  that  they  brought  the 
subject  before  the  Association  at  the  Sixth  Annual  Meeting, 
held  in  Hartford,  January  14,  1890,  when,  after  discussion,  it 
was  voted  that  the  Committee  be  continued,  with  the  request 
to  report  to  the  Association  at  the  next  meeting  of  the  present 
year. 

The  law  of  Rhode  Island  provides  for  a  "  Commissioner  of 
Dams  and  Reservoirs,*  who  is  appointed  by  the  Governor, 
holds  office  three  years  and  receives  an  annual  salary  of  one 
thousand  dollars. 

It  is  the  Commissioner's  duty  to  inspect  every  dam  and 
reservoir  in  the  State  as  often  as  may  be  necessary  to  keep 
himself  informed  of  the  condition  thereof,  keep  a  record  of 
the  result  of  such  inspection  and  make  an  annual  report  to 
the  Governor. 

It  is  the  duty  of  every  one  owning  or  having  control  of  any 
dam  or  reservoir,  upon  written  request,  to  furnish  the  Com- 
missioner with  a  description  of  the  same,  making  such  neces- 
sary surveys,  plans  and  drawings  as  may  be  required.  No 
dam  or  reservoir  can  be  constructed  or  substan:)ially  altered 
until  plans  and  specifications  are  filed  with  the  Commissioner. 
It  is  the  duty  of  the  Commissioner,  on  application  in  writing, 
by  any  person  ownin'g  property  liable  to  injury  by  the  break- 
ing of  any  dam  or  reservoir,  or  on  such  application  by  the 
Mayor  or  Board  of  Aldermen  of  any  city,  or  by  the  town 
authorities  of  any  town,  or  without  such  application,  if  he  shall 
have  cause  to  apprehend  danger,  to  thoroughly  examine  such 
dam  or  reservoir  and,  if,  in  his  judgment,  such  dam  or  reser- 
voir is  not  sufficiently  strong,  or  is  unsafe,  or  there  is  danger 
to  life  or  property,  he  may  determine  whether  the  water  in 
such  reservoir  shall  be  drawn  off  in  whole  or  in  part,  what 
alterations  and  repairs  are  necessary,  and  shall  forthwith,  in 
writing,  notify  the  owner  or  agent  of  the  same  to  cause  such 
repairs  to  be  made  within  a  time  limited  in  said  notice,  and 
the  Commissioner  may  order  the  water  in  such  reservoir  to 
be  drawn  off  in  whole  or  in  part,  as  he  may  determine, 
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In  case  said  owner  or  agent  shall  not  forthwith  comply  with 
such  requirement,  or  shall  fail  to  prosecute  the  work  with  reas- 
onable expedition,  the  Commissioner  shall  make  complaint,  in 
writing,  setting  forth  the  facts  in  the  case  to  the  Attorney 
General  or  the  Assistant  Attorney  General,  who  shall  present 
the  same  to  the  Supreme  Court. 

Provision  is  made  for  notice  and  hearing  and  the  Court  may 
pass  such  order  and  decree  as  will  be  effectual,  and  enforce 
them  by  sufl5cient  penalties. 

The  Commissioner  may  employ  a  Consulting  Engineer 
whenever  he  may  deem  it  necessary  or  advisable.  The  com- 
pensation of  Consulting  Engineer  to  be  allowed  by  the  Gov- 
ernor and  paid  by  the  State. 

The  law  of  Massachusetts  provides  that  plans  and  specifica- 
tions shall  be  filed  with  the  County  Commissioners. 

If  they  are  approved,  the  work  is  to  be  done  under  the 
inspection  of  the  Commissioners  and  if,  in  their  opinion,  the 
work  is  not  being  faithfully  done  in  accordance  with  the  plans 
and  specifications,  they  may  appoint  an  inspector  to  be  con- 
stantly engaged,  at  the  expense  of  the  owner,  in  the  supervision 
of  the  work,  and  if  the  owner  or  agents  refuse  or  neglect  to 
adhere  to  said  plans,  etc.,  said  inspector  may  order  the  discon- 
tinuance of  the  work. 

On  the  application  of  the  Mayor  and  Aldermen  of  a  city,  the 
Selectmen  of  a  town  or  any  person  the  owner  of  property  lia- 
able  to  damage,  the  Commissioners  shall,  after  due  notice  to 
the  owner  or  agent  .of  any  reseivoir  or  dam,  thoroughly  inspect 
the  same,  with  the  asssistance  of  a  competent  engineer. 

If,  on  such  examination,  the  dam  is  found  to  be  not  suflS- 
ciontly  strong,  etc.,  they  shall,  with  the  advice  of  the  Engineer, 
determine  what  repairs  are  required  to  make  it  secure,  and 
shall  give  written  notice  to  the  owners  to  make  the  same  within 
a  reasonable  time,  and  on  refusal  or  neglect  they  may  cause 
such  parts  of  the  dam  as  they  deem  necessary,  to  be  removed 
or  the  water  to  be  drawn  oft*  After  the  water  has  been  drawn 
oft*,  the  reservoir  shall  not  be  filled  uptil  the  order  of  the  Co|p» 
pjission^j^  has  heeji  complied  witji. 
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The  Commissioners  may  make  sucli  orders  as  to  the  cost  of 
all  those  proceedings  as  they  may  deem  just,  and  when  a  dam 
is  adjudged  unsafe  said  costs  shall  be  paid  by  the  owner. 

The  Supreme  Judicial  Court  has  jurisdiction  in  equity. 

The  law  of  Connecticut  provides  for  a  "Board  of  (3ivil 
Engineers."  The  member  of  the  Board  of  Railroad  Commis- 
sioners, who  is  a  Civil  Engineer,  and  one  Civil  Engineer  re- 
siding in  each  Congressional  district  in  the  State,  aj^pointcd  by 
him,  constitute  the  Board.  The  members  are  appointed  for 
two  years,  and  receive  ten  dollars  per  day  and  reasonable 
expenses. 

No  dam  can  be  constructed  until  the  plans  and  specifications 
shall  have  been  submitted  to  a  member  of  the  Board  who,  after 
an  examination  of  the  ground,  if  he  approves  the  location,  plan 
and  specifications  shall  issue  a  certificate  authorizing  the  con- 
struction of  the  dam. 

The  Engineer,  under  whoso  authority  any  dam  is  being  con- 
structed, shall  cause  the  work  to  be  inspected  at  least  three 
several  times  before  its  completion,  and  if  satisfied  that  such^ 
dam  is  safe  and  in  accordance  with  the  plan  and  specifications 
shall  issue  a  certificate  approving  the  same,  which  certificate 
shall  be  recorded  in  the  oflice  of  the  Town  Clerk  of  the  Town 
where  such  dam  is  located.  No  such  dam  or  reservoir  shall  be 
used  until  such  certificate  is  obtained  and  recorded. 

The  expense  of  the  Board  of  Engineers  or  any  one  of  them 
in  the  construction  of  new  dams,  shall  be  paid  by  the  person 
or  corporation  owning  or  constructing  the  dam  or  reservoir. 
A  majority  of  the  authorities  of  any  city  or  town,  on  applica- 
tion of  two  or  more  pei-sons  or  corporations  who  would  suflcr 
loss  by  the  breaking  away  of  any  dam  or  reservoir,  shall  inspect 
the  same  and,  if,  in  their  opinion,  the  dam  or  reservoir  is  not 
sufficiently  strong,  etc.,  they  shall  at  once  notify  one  or  more  of 
the  Board  of  Civil  Engineers  to  inspect  the  same  with  them, 
and  if  the  engineers  find  the  dam  or  reservoir  unsafe,  notice 
shall  be  given  to  the  person  or  corporation  having  the  care 
thereof  to  place  the  said  dam  or  reseryoir  in  a  safe  condition 
under  the  supervision  of  one  of  the  Board  of  Engineers,  whoso 
p^rtific^tp  of  acceptance  mnst  ho  rc(n»rdt?(}  on  the  T^wp  repord^, 
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the  exi)en6e8  to  be  paid  by  the  person  owning  said  dam  or  res- 
ervoir. If  the  engineer  shall  find  #the  dam  to  be  safe,  the 
expenses  to  be  paid  by  the  town. 

The  Superior  Court  has  jurisdiction  to  render  all  judgments 
necessary  to  carry  into  effect  the  provisions  of  the  law. 

In  comparing  the  laws  of  the  three  states  mentioned,  the 
Committee  find  the  Rhode  Island  law  the  most  complete,  the 
whole  matter  being  directly  under  State  supervision,  although 
the  law  of  Connecticut  in  relation  to  the  construction  of  new 
dams  is  superior  to  that  of  either  of  the  other  States. 

In  Connecticut,  one  of  the  Board  of  Engineers  must  approve 
the  location,  plan  and  specifications  before  the  construction  and 
he  must  inspect  the  work  during  its  progress. 

In  Rhode  Island,  it  is  only  necessary  to  file  the  plans  and 
specifications  with  the  Commissioner. 

In  Massachussetts,  the  plan  and  specifications  must  be  filed 
with  and  approved  by  the  County  Commissioners,  who  inspect 
the  work  and  have  the  power  to  order  a  discontinuance  if  it  is 
not  properly  done. 

In  Rhode  Island,  there  is  provision  for  a  supervision  and  in- 
spection of  every  dam  in  the  State,  and  for  a  complete  record 
and  description  of  the  same.  There  is  also  provision  for  a 
speedy  detection  and  repair  of  faulty  structures. 

In  Massachusetts,  application  can  be  made  directly  to  the 
County  Commissioners,  who  have  power  to  act  in  the  matter. 

In  Connecticut,  the  Board  of  Engineers  have  no  power  over 
structures  known  to  be  faulty  until  they  are  called  out  by  town 
or  city  officials  (if  they  think  it  necessary)  after  a  complaint  has 
been  made  by  two  other  persons. 

If  the  main  features  of  the  present  law  are  to  bo  retained, 
your  Committee  would  suggest  the  following  changes : 

First  Change  the  section  relating  to  calling  out  the  En- 
gineer (Sec.  3698)  so  as  to  provide  that  it  shall  be  the  duty  of 
town  or  city  officials,  on  an  application  as  at  present  provided, 
to  at  once  notify  one  or  more  of  the  Board  of  Engineers  to 
inspect  the  said  dam  or  reservoir  with  them. 

Second.  Change  the  section  relating  to  permission  to  build 
(SoQ.  3699)  so  ^s  to  provide  that  a  new  dam  shall  be  built  under 
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the  snpervidion  and  inspection  of  the  engineer,  and  that  no 
dam  or  reservoir  shall  be  constrncted  without  such  approval, 
certificate  and  supervision. 

Third.  Change  the  section  relating  to  construction  (Sec. 
3700)  so  as  to  provide  that^  the  engineer  shall  cause  the  work 
upon  tlie  same  to  be  thoroughly  inspected  during  its  progress, 
as  often  as  he  shall  deem  necessary,  instead  of  **at  least  three 
several  times.'* 

There  should  be  a  provision  for  an  in8i>ection  of  each  and 
every  dam  and  reservoir  in  the  State,  the  failure  of  which 
would  endanger  life  or  property,  at  least  once  in  three  years. 

There  should  be  a  specific  penalty  for  failure  to  comply  with 
any  of  the  provisions  of  the  law,  and  a  like  penalty  periodically 
for  continued  neglect. 

It  might  be  well  to  provide  for  an  appeal  from  the  order  of 
a  member  of  the  Board  to  the  entire  Board,  in  which  case  pro- 
vision should  be  made  for  the  expense  of  the  same. 

It  should  be  made  the  duty'  of  the  State  Attorney  to  prose- 
cute all  violations  of  the  law. 

NELSON  J.  WELTON, 

B.   n.  HULL, 

T.  H.  McKENZIE, 

Waterbury,  August  29,  1890.  Committee. 

Your  Committee  append  a  copy  of  the  law  of  this  State: 
TITLE   LXVIII. 

RESERVOIBS  AND  DAMS. 
CHAPTER  CCXXXI. 


SEonoir 

SaM.  Board  of  Civil  EDglnecrfl  or  Snper. 
TiBOTA,  bow  conetitotcd. 

9Wl.    Term  of  office,  oatb,  and  fees. 

8606.  Proceeding*  to  call  them  oat;  In- 
spection of  damp,  notice  to  owncm, 
etc. 


Sbctiom 

8699.  New  dams  or  reeervoirs  to  be  ap- 
proved by  a  member  of  the  Board. 

8700  Inspection  dnrinjj  progress  of  new 
work;  certificate  of  approval  and 
record  of  aame. 

3701.  Compensation  and  expense. 

3702.  Power  of  Sapcrlor  Ooart. 


Section  3696.    The  member  of  the  Board  of  Railroad  Com- »"«.  <?h.  isi,  1 1. 

\        s  •    •!  •  1  •    •!  •  BoArd  of  Civil  En- 

missioners,  who  is  a  civil  engineer,  and  one  civil  engineer  ^„,,^„  „,  g^p^^ 
residing  in  each  congressional  district  in  this  State,  to  be  visora.  how  cou- 
appointed  by  him,  shall  constitute  a  board  of  Civil  Engineers,  rtiiuuML 
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and  have  the  supervision  of  all  dams  and  reservoirs  now  exist- 
ing or  hereafter  constructed  in  any  locality  where,  by  the 
breaking  away  of  the  same,  life  or  property  may  be  in  danger 
of  destruction. 
1878.  ch.  isi.  1 1.  '  Sec.  8697.    The  members  of  said  board  shall  be  sworn  to 
IIth*Md^"r'     '^i^b^'^l^y  *"<i  impartially  perform  the  duties  imposed  upon 
them  by  this  chapter,  and  shall  continue  in  office  for  the  term 
of  two  years  and  until  others  are  appointed  in  their  places  and 
stead.    They  shall  each  receive  ten  dollars  per  day,  and  all 
necessary  and  reasonable  expenses  while  actually  employed  in 
the  business  of  their  office,  to  be  paid  as  hereinafter  provided. 
1878,  ch.  131,  s  s.     Sec.  8698.     The  mayor  and  aldermen  of  any  city,  the  war- 
^"u^itoem^T     ^^^  *"^  burgesses  of  any  borough,  the  selectmen  of  any  town, 
or  a  majority  of  them,  upon  the  application  of  two  or  more 
persons  or  corporations  who  would  suffer  loss  or  damage  by 
the  breaking  away  of  any  dam  or  reservoir  within  said  city, 
borough  or  town,  shall  forthwith  inspect  the  same,  and  if  in 
their  opinion  said  dam. or  reservoir  is  not  sufficiently  strong 
and  substantial  to  withstand  the  action  of  water  under  any 
iiupeoUoDof       circumstances  which  may  reasonably  be  expected  to  occur, 
ow'Ti^ttT^     they  shall  at  once  notify  one  or  more  of  the  Board  of  Civil 
Engineers  to  inspect  the  said  dam  or  reservoir  with  them,  and 
if  in  the  judgment  of  the  said  engineers  said  dam  or  reservoir 
is  unsafe,  they  shall  serve  notice  on  the  person  or  persons 
owning  or  having  the  care  and  control  of  the  same,  to  place 
said  dam  or' reservoir  in  a  safe  or  permanent  condition,  under 
the  supervision  of  one  of  the  said  Board  of  Civil  Engineers, 
and  when  such  repairs  are  completed  and  accepted  by  said 
civil  engineer,  he  shall  issue  a  certificate  to  said  owner  or  per- 
sons owning  or  controlling  the  same,  and  also  cause  to  be 
recorded  upon  the  records  of  the  town  in  which  said  dam  is 
located,  his  doings,  with  a  copy  of  the  certificate  so  issued  ; 
but  if  said  engineer  shall  find  said  dam  or  reservoir  to  be  secure 
ExpensM  of  In-  and  Safe,  then  the  expense  of  such  inspection  shall  be  paid  by 
•peotion.  ^^Q  j^Q^jj  j^  which  said  dam  or  reservoir  is  located. 

1878. ch.  131, 1 4.        Sec.  8699.    When  any  person  or  corporation  purpose  con- 
JJ^j^*^^^structing  a  dam  or  reservoir  in  a  locality  where  the  life  or 
pruredbyamem- property  of  any  other  person  maybe  endangered  through  the 
berof  "»•  Board.  |^Jg^flggig,J^.y  thereof,  the  plans  and  specifications  for  such  dam 
or  reservoir  shall  be  submitted  to  any  member  of  said  Board 
of  Civil  Engineers,  who  shall  examine  the  ground  where  the 
dam  or  reservoir  is  to  be  built,  and  the  plans  and  specifications 
therefor,  and  if  he  approve  the  same,  he  shall  issue  a  certificate 
authorizing  the  construction  of  such  dam  or  reservoir,  and  no 
such  dam  or  reservoir  shall  be  constructed  without  such  appro- 
val and  certificate. 
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Sica  8700.  The  engineer  under  whose  anthoritj  any  dam  or  iM7s,-eii.  i3i.  ww 
reserroir  is  being  oonstnicted,  shall  cause  the  work  upon  the  J^J^^**""****"* 
same  to  be  inspected  at  least  three  several  times  before  its  of  new  work  :oei^ 
completion,  and  if  he  shalll>e  satisfied  that  such  dam  or  reser- ********  <*'  »pp»^ 
Toir  has  been  built  in  a  substantial  and  safe  manner,  and  in , 


accordance  with  the  plans  and  specifications  approved  by  him, 
and  is  strong  and  secure,  he  shall  issue  a  certificate  approving 
of  the  same,  which  certificate  shall  be  recorded  in  the  office  of 
the  town  clerk  of  the  town  in  which  such  dam  or  reservoir  is 
located;  and  no  such  dam  or  reservoir  shall  be  used  until  such 
certificate  is  obtained  and  recorded. 

Seo.  3701.  The  compensation  and  expenses  of  the  Board  of  ists.  ch.  m.  mo- 
Engineers,  or  any  one  of  them,  when  acting  under  the  provisions  ^^^^  ^'**°" 
of  the  three  preceding  sections  shall  be  paid  by  the  person  or 


corporation  owning  or  constructing  the  dam  or  reservoir. 
Ssa  8703.    The  Superior  Court  shall  have  jurisdiction  to  ists.  ob.  ui.  mo- 

render  all  judgments  necessary  to  carry  into  effect  the  pro-  ^^J^^"^^ 

visions  of  this  chapter. 

Wm.  0.  Sbtmoue,  Ridgefield,  Conn., 
T.  H.  McKenzie,  Bouthington,  Conn., 
N.  J.  Wbltok,  Waterbury,  Conn., 
B.  H.  Hull,  Bridgeport,  Conn., 
H.  B.  PoTTKR,  Norwich  Town,  Conn., 

State  Bocurd  of  EnginurB. 

On  motion,  this  report  was  accepted  and  ordered  printed. 

Mr.  Welton :  In  comparing  the  laws  of  the  three  states 
mentioned  the  Committee  find  the  law  of  Ehode  Island  the 
most  complete,  as  the  whole  matter  is  under  the  control  of  the 
State.  Tour  committee  would  suggest  changing  the  section 
relating  to  calling  out  the  engineer  so  as  to  provide  that  the 
engineer  shall  in8j)ect  the  dam  or  reservoir  with  the  town 
authorities  in  the  first  place.  The  section  in  relation  to  build- 
ing new  dams  should  provide  that  work  upon  the  same  be 
inspected  during  its  progress  as  often  as  the  ingineer  deems 
proper.  All  existing  dams  and  reservoirs  should  be  inspected 
at  least  once  in  three  years,  and  there  should  be  a  penalty  for 
failure  to  so  inspect.  Tlie  laws  should  provide  for  an  appeal 
from  the  decision  of  one  member  of  the  Board  to  the  whqle 
Board.  Violations  of  the  provisions  of  the  law  should  be 
placed  in  the  hands  of  the  State's  Attorney  for  prosecution 
and  heavy  penalties  attached  to  such  violations. 
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It  was  then  moved  and  seconded  that  the  Committee,  as  now 
constituted,  be  continued  and  instructed  to  formulate  the  ideas 
incorporated  in  their  report  in  the  form  of  "An  Act,"  and  that 
the  Secretary  is  hereby  directed  to  print  and  distribute  the 
same  among  .the  members  at  least  four  weeks  before  the  next 
annual  meeting. 

Mr.  Bunco :  I  think  it  will  be  found  wise  to  embody  still 
more  in  the  draft  of  such  an  act.  The  salary  of  the  Rhode 
Island  Commissioner  of  Dams  is  $1,000.  The  laws  on  this 
subject  were  passed  when  their  importance  was  not  recognized 
as  it  is  now.  People  generally  had  an  idea  that  they  did  not 
amount  to  much.  It  is  of  sufficient  importance  to  have,  what 
a  high  salary  carries  with  it,  namely,  a  man  of  ability.  It  is 
not  proper  to  ask  any  engineer  of  experience  to  certify  to  the 
character  of  the  werk  done  after  three  or  four  examinations  of 
it.  lie  cannot  afford  to  stake  his  reputation  upon  such  exam- 
inations. 

Mr.  Wadsworth :  No  engineer  could  tell  upon  one  or  two 
examinations  what  the  character  of  work  is  or  what  the  future 
work  may  be. 

Mr.  Hull :  Under  the  present  law  any  one  member  of*  the 
Board  is  not  confined  to  his  own  Congressional  District,  is  he  ? 

Mr.  Welton:  Under  the  present  law  a  member  of  the  board 
can  be  called  to  inspect  work  in  any  part  of  the  State. 

Mr.  Hull:  It  seems  to  me  that  hearings  upon  appeals 
should  be  before  the  full  board. 

Mr.  Loomis :  We  learned  at  our  last  meeting  in  Hartford 
how  the  three  examinations  can  be  made.  The  engineer  ought 
to  be  obliged  to  make  examinations  of  the  work  whenever  he 
thinks  it  necessary. 

Mr.  Fent'on :  Plans  for  new  dams  should  be  presented  to 
the  whole  board  and  be  passed  upon  by  the  whole  board.  It 
is  preposterous  to  require  an  engineer  to  certify  to  work  he 
knows  little  or  nothing  about.  I  hope  the  Committee  will 
make  suggestions  looking  to  the  payment  of  a  salary  to  the 
members  of  the  Board. 
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Mr.  AVadsworth :  I  think  this  subject  has  a  ludicrous  as 
well  as  a  serious  side  to  it.  Do  we,  as  engineers,  want  to  insist 
that  our  work  shall  be  subjected  to  State  supervision  ?  Will 
it  not  interfere  with  private  enterprises?  In  a  private  enter- 
prise the  loss  attendant  upon  poor  work  is  a  sufficient  protec- 
tion to  the  public. 

The  Secretary :  I  hope  there  will  bd  another  meeting  of 
tlie  Association  before  the  annual  meeting,  at  which  this  dis- 
cussion can  be  continued.  I  will  try  to  place  the  report  of  this 
meeting  in  the  hands  of  the  members  in  about  three  weeks  so 
that  they  will  have  a  chance  to  think  over  the  suggestions  of 
the  Committee  and  the  other  members  speaking  on  the  subject. 
I  think  great  advantas:es  can  be  derived  from  State  supervisions 
of  the  work  of  building  and  maintaining  dams  and  reservoirs 
by  the  public  and  by  the  engineers.  If  the  plans  of  work,  and 
the  work  itself,  are  approved  by  the  State  private  parties  would 
be  relieved  from  liability.  Personal  interest  and  liability  to 
pecuniary  loss  is  not  a  sufficient  protection  to  the  public. 
Private  individuals  will  order  and  insist  upon  constructing  work 
which  an  engineer  must  condemn.  The  city  of  Worcester, 
Mass.,  should  have  been  held  liable  for  all  damages  consequent 
upon  the  Cherry  Valley  disaster  a  few  years  ago.  They  knew 
that  there  was  a  leak  in  their  dam  and  had  been  guaging  it  for 
some  time  before  the  dam  went  out.  So,  too,  the  owners  of 
the  dam  at  Lee,  Mass.,  which  failed  and  caused  considerable 
loss,  not  only  of  property,  but  of  life,  should  be  held  liable  for 
all  losses. 

The  motion  was  then  passed. 

It  was  then  moved  that  the  members  of  this  Association  be 
requested  to  prepare  written  discussions  of  the  report  of  the 
'*  Special  Committee  on  Dams  Legislation  "  and  present  them 
at  the  next  meeting,  and  thus  suggest  such  recommendations 
and  alterations  in  the  laws  as  they  favor,  to  that  Committee. 

Upon  motion  of  Mr.  Welton,  it  was  then  voted  to  tender  the 
thanks  of  the  Association  to  Mr.  Phipps  and  the  Connecticut 
Pipe  Mfg.  Co.  for  the  bandsoroe  entertainment  furnished  it8 
members  by  them. 
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The  meeting  then  adjourned  to  nill's  Homestead,  Savin 
Bock,  where  the  members  and  guests  enjoyed  a  genuine  shore 
dinner,  after  the  following  motion  had  been  passed : 

Moved^  That  this  Association,  when  it  adjohrns,  adjourn 
subject  to  the  call  of  the  Executive  Committee,  to  some  date 
and  place,  to  be  fixed  by  them,  early  in  November  next. 


PROCEEDINGS  OF  THE  REGULAR  MEETING 

OF  THE 

(Connecticut    ^Association    of   {£\>J\\    [Engineers 

AND 

SURVEYORS, 

HELD  AT  EAST  BERLIN,  CONN..  NOVEMBER  29th,  1890. 


In  accordance  with  the  call  for  the  meeting  given  below,  the 
following  members  and  guests  assembled  at  the  office  of  the 
Berlin  Bridge  Co.,  East  Berlin,  Conn.,  on  November  29th, 
1890,  namely :  Messrs.  W.  B.  Palmer,  first  Vice-President ; 
C.  M.  Jarvis,  S.  C.  Pierson,  H.  Q.  Loomis,  A.  F.  Beck  with, 
W.  B.  Rider,  B.  K.  Field,  H.  L.  Davis,  E.  H.  Phipps.  F.  W. 
Whitlock,  E.  P.  Augur,  B.  H.  Hull,  C.  II.  Bunce,  R.  R.  Smith, 
H.  W.  Ayera,  F.  H.  McKonzie,  J.  M.  Wheeler,  F.  L-  Wilcox, 
E.  O.  Goss,  and  Messrs.  Opdyke  of  the  Central  New  England 
and  Western  Railroad,  and  Moore  of  New  York,  New  Haven 
and  Hartford  Railroad. 

CONNECTICUT     ASSOCIATION    OP    CIVIL     ENGINEERS     AND 

SURVEYORS. 

secrbtaet's  opfice. 
There  will  be  a  meeting  of  this  Aasociation  on  Satarday,  November  29th, 
at  the  Office  of  the  Berlin  Bridge  Co.,  East  Berlin,  Conn.,  at  which  the 
following  programme  will  be  carried  out : 

PROGRAMME. 
9:90  ▲.  M.    Call  to  order. 

Business  meeting. 

Discussion  of  the  Report  of  the  Special  Committee  on  Dams 

Legislation. 
Talk  on  Practical  construction  of  Iron  Bridges 

BT  a   M.   JARVIS,  0.  E. 

Paper  on  Asphalt  Roads 

BT  C.    B.   BUNCE,  C.  E 
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12:80  P.  M.    Lunch. 

Visit  to  the  works  of  the  Berlin  Bridge  Co. 
BjT  leaving  East  Berlin  at  8:80  p.  m.,  connections  can  be  made  with  trains 
in  all  directions. 

Members  who  cannot  attend  the  meeting  are  requested  to  send  their 
yiews  upon  the  report  of  the  Special  Committee  on  Dams  Legislation  to  the 
Secretary  as  earlj  as  possible.  Please  fill  out  and  send  enclosed  postal  card 
at  your  earliest  convenience. 

F.   W.  WfllTLOCK. 

Secretary, 
WaUrbury,  Conn.,  Nov.  19,  1800. 

After  being  called  to  order,  the  following  business  was 
transacted : 

Minutes  of  last  meeting,  as  published  and  distributed,  were 
approved  and  ordered  recorded. 

On  motion,  the  Secretary  was  instructed  to  correspond  with 
other  Engineering  Societies  and  to  arrange  with  them  such 
exchanges  of  publications  as  he  finds  will  be  of  interest. 

The  resignation  of  Rev.  E.  C.  Haynes,  West  Torrington, 
Conn.,  was  accepted  and,  upon  motion,  his  name  was  placed 
upon  the  list  of  honorary  members. 

Applications  for  membership  being  received  from  W.  E. 
Johnson,  Glastonbury,  Conn ,  and  E.  O.  Goss,  Waterbury, 
Conn. ;  upon  the  favorable  report  of  the  Committee  on  Mem- 
bership, these  gentlemen  were  duly  elected  as  members  of  the 
Association. 

Upon  motion,  the  following  were  appointed  "A  Committee 
to  report  at  the  Annual  Meeting  such  changes  and  revisions 
of  the  Constitution  and  By-Laws  as  they  deem  advisable," 
namely,  Messrs.  Whitlock,  Bunce  and  Jarvis. 

It  was  voted  that  the  Secretary  be,  and  is  hereby  instructed 
to  remind  the  members  of  the  vote  passed  at  the  annual 
meeting  of  1889  "that  all  members  of  the  Association  bo 
requested  to  forward  to  the  President  a  summary  account  of 
work  done  by  them  during  the  year,  in  order  that  these  facts 
may  be  collated  in  the  annual  address,  and  so  furnish  a  history 
of  the  engineering  work  of  the  State." 
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The  meeting  then  proceeded  to  a  discnseion  of  the  report 
made  at  the  meeting  of  August  29th,  by  the  Special  Committee 
on  Dams  Legislation,  tlie  Secretary  first  reading  the  written 
discussions  sent  him  by  several  absent  members. 

DISCUSSION. 

A.  J.  Patton  :  There  should  bo  one  engineer  appointed  by 
the  State  with  a  fixed  salary  sufficiently  large  to  make  it  worth 
the  while  of  a  good  man  to  take  the  position  and  devote  his 
whole  time  to  it.  This  position  should  not  be  made  the  tag- 
end  to  the  railroad  commission,  but  should  be  entirely  distinct 
from  that  commssions,  the  qualification  required  by  the  two 
kinds  of  work  being  entirely  different.  I  endorse  the  sugges- 
tions made  by  the  Special  Committee  with  regard  to  altera- 
tions in  the  present  law. 

H.  T.  Potter :  The  intention  of  the  law  was  to  give  some 
protection  to  those  who  might  suffer  loss  or  damage  by  the 
breaking  away  of  any  dam  or  reservoir.  Sometimes  those 
who  would  suffer  such  loss  or  damage  try  to  avail  themselves 
of  the  protection  the  law  should  give  them,  but  find  in  some 
cases  that  they  cannot  have  the  benefit  of  an  inspection,  and 
the  opinion  of  those  the  law  makes  judges  of  the  safety  and 
stability  of  such  structures;  they  fail  to  get  any  satisfaction  or 
protection  and  naay,  by  their  application,  virtually  legalize  the 
maintaining  an  unsafe  and  dangerous  structure,  and  still  they 
have  no  remedy. 

I  would  amend  Section  3,698  so  that  whenever,  by  the 
application  of  two  or  more  persons,  the  city  or  town  authori- 
ties are  called  out  to  inspect  a  dam  or  reservoir  considered  by 
the  applicants  to  be  unsafe,  and  after  such  inspection  pronounce 
it  to  be  safe,  the  applicants  should  then  have  the  right  to  be 
heard  before  a  judge  of  the  Superior  Court  a^  to  whether  the 
town  or  city  authorities  have  the  proper  knowledge  and  qual- 
ifications to  determine  the  safety  of  the  dam  in  question,  and 
if  this  judge  does  not  find  them  so  qualified  he  should  appoint 
two  or  more  of  the  Board  of  Civil  Engineers  to  make  an 
examination  of  the  structure  in  question. 
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I  would  suggest  altering  Section  3,699  so  that  it  may  include 
the  raising  old  dams,  altering  and  rebuilding  them ;  and,  alsO} 
all  work  connected  with  the  stopping  and  diverting  water,  such 
as  bulk-heads  and  head-gates.  These  may  be  as  dangerous  an 
any  part  of  a  dam. 

I  would  amend  Section  3,700  so  as  to  permit  the  engineer  to 
test  the  dam  by  filling  the  pond  back  of  it,  if  he  deemed  it 
advisable,  before  issuing  his  certificate  of  approval.  The  law 
forbids  the  using  a  dam  before  this  certificate  has  been  given, 
and  "using"  is  filling  the  reservoir.  Law  without  any  penalty 
for  violation  of  its  provisions,  does  not  command  much  respect ; 
there  should  be  some  penalty  for  violations  of  this  law.  Some 
alterations  similar  to  these  I  have  suggested  seem  called  for  in 
order  to  carry  out  the  intention  of  this  law. 

E.  J.  Sabin:  My  view  on  the  "  Dam  Question"  is  in  brief: 
Have  a  State  Board,  as  now,  with  salary  of  $500  to  $1,000 
each,  and  extra  ^^r  diem  for  services  of  over  50  days  in  each 
year.  Strike  out  the  word  ''  may  "  and  insert  "  shall,"  making 
the  duties'  obligatory.  No  dam  or  reservoir  of  any  magnitude 
to  be  constructed  except  under  the  superintendance  of  one  of 
the  board  or  some  one  appointed  by  them.  Plans  and  specifi- 
cations to  be  on  exhibition  for  at  least  three  months,  and  must 
be  approved  by  the  full  board.  There  should  be  an  inspection 
by  at  least  two  of  the  board  of  all  dams  iii  the  State  once  in 
three,  years,  and  the  board  should  have  power  to  cause  repairs 
or  alterations,  to  be  made  on  the  order  of  the  full  board. 

C.  E.  Chandler :  As  the  mover  of  the  original  motion  under 
which  this  Special  Committee  was  appointed,  I  wish  to  present 
my  views. 

It  was  my  opinion  that  there  should  be  one  State  Engineer, 
paid  a  suitable  salary  by  the  State,  devoting  his  whole  time  to 
the  inspection  of  new  work  and  examination  of  old  work  in 
connection  with  dams  and  reservoirs,  reporting  annually  to 
some  State  officer  or  to  the  Legislature  the  condition  of  all 
dams  in  the  State.  On  some  accounts  a  commission  of,  say 
three,  Civil  Engineers,  devoting  such  time  as  was  found  neces- 
sary to  this  work,  would  be  preferable. 
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In  cither  case,  I  think  the  whole  expense  of  such  work  slioiild 
be  borne  by  tlie  State. 

Having,  however,  been  assured  by  one  in  whose  judgment 
in  such  matters  I  have  confidence,  that  it  is  highly  improbable 
that  a  bill  providing  for  a  salaried  commission  could  be  carried 
through  the  Legislature,  and  our  committee  not  appearing 
ready  to  favor  such  a  proposition,  I  will  waste  no  further  time 
on  that  line. 

No  law  should  exist  which  does  not  have  in  view,  and  is 
not  fairly  likely  to  accomplish,  some  worthy  object.  Espec- 
ially is  this  true  of  any  law  which  interferes  with  a  man's  right 
to  do  what  he  pleases  with  his  own  property. 

The  fact  that  the  loss  of  many  lives  and  much  property  has 
been  caused  by  faulty  dams,  furnished  ample  reason  for  the 
passage  of  a  law  which  shall,  as  far  as  possible,  protect  life 
and  property  from  this  danger. 

It  should  be  continually  borne  in  mind  that,  while  dam 
owners  may  be  incidentally  benefitted  by  being  obliged  to 
build  safe  structures,  the  primary  aim  and  object  of  the  law  is 
to  protect  the  lives  and  property  of  others. 

Some  have  the  impression  that  the  present  law,  in  fact; 
insures  for  a  nominal  sum.  the  owner  of  dam,  from  the  liability 
of  being  obliged  to  pay  for  the  lives  and  property  that  may  be 
destroyed  by  the  failure  of  his  dam. 

The  law  should  be  such  that  the  responsibility  of  the  owner 
should  be  in  nowise  lessened  by  State  Inspection,  except  so 
far  as  the  fact  that  the  State  Engineer  or  Engineers  consider  a 
dam  safe,  is  evidence  that  the  owner  has  used  reasonable  care 
and  prudence  in  the  matter. 

It  may  be  held  that  the  most  effective  safe -guard,  is  to  make 
the  owner  strictly  responsible  for  the  result  of  his  work;  but 
he  cannot  restore  life  nor  is  he  always  in  such  a  financial  con- 
dition as  to  be  able  to  restore  property. 

The  failure  of  the  dam  may  destroy  all  the  equity  in  his  own 
property. 

Some  think  a  sort  of  advisory  committee  would  be  effective 
without  relieving  the  owner  from  any  responsibility,  and  that 
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no  one  would  build  a  dam  on  plans  a  State  Commission  had 
publicly  disapproved,  and  that  no  one  would  use  a  dam  without 
repairs  that  had  been  declared  imsafe  by  such  Commission. 

If  all  parties  whose  lives  and  properties  would  be  endangered 
by  the  failure  of  a  dam  were  active  in  their  own  behalf,  report- 
ing their  action,  combined  Avith  that  of  an  advisory  and  repair- 
ing committee,  might  be  fairly  effective. 

But  it  is  a  well  known  fact,  that  people  in  the  matter  of 
dams  as  well  as  in  sanitary  matters,  are  often  apparently  indiff- 
erent, or  sometimes  even  somewhat  antagonistic,  to  those 
measures  which  are  designed  to  promote  their  own  welfare. 

Hence,  I  believe  the  Commissioners  should  have  and  exer- 
cise some  power,  and  that  this  power  should  be  so  granted  and 
so  exercised  as  to  decrease  danger  to  life  and  property,  without 
decreasing  the  responsibility  of  the  owner  of  the  dam  for  the 
result  of  his  own  acts. 

But,  some  say,  you  cannot  oblige  a  man  to  do  a  certain  thing 
and  then  make  him  responsible  for  the  result.  I  agree,  but 
submit  that  it  is  unreasonable  to  suppose  that  any  Commis- 
sioner would  order  a  man  to  build  a  dam  less  strong  than  he 
would  otherwise  make  it. 

I  believe  the  owner  should  be  unrestricted  a?  to  the  style  of 
his  dam,  as  to  whether  it  should  be  of  earth,  wood  or  stone, 
whether  it  should  be  of  concrete,  rubble  or  cut- work. 

The  only  question  on  the  plans  and  specifications  is,  whether 
a  dam  built  in  accordance  therewith  will,  in  the  Commissioner's 
opinion,  be  safe. 

If  not,  he  should  withhold  his  approval  until  a  plan  is  pre- 
sented which,  if  carried  out,  will  in  his  opinion,  make  a  safe 
dam. 

If  a  man  presents  a  plan  for  a  dam  of  insufficient  strength 
or  builds  it  poorly,  the  fact  that  the  Commissioner  thought  it 
good  enough,  and  probably  safe,  or  even  certified  to  that  fact 
in  writing,  should  not  operate  to  relieve  the  owner  from  respon- 
sibity. 
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The  State  does  not  appoint  a  Commissioner  to  act  as  chief, 
consulting  or  resident  engineer  to  the  man  who  proposes  to 
build  a  dam. 

Norwich  in  common  with  other  cities  has  an  ordinance 
regarding  house  drainage. 

One  of  the  objects  of  the  ordinance  is  to  prevent  that 
danger  to  health  which  comes  from  improperly  laid  drains. 
The  ordinance  does  not  prevent  a  man  from  laying  his  drain 
as  well  as  he  pleases,  and  if  the  owner  or  drain  layer,  manages 
to  deceive  the  Inspector  and  get  him  to  approve  poor  work,  or 
fail  to  cause  its  removal,  the  owner  and  drain  layer  are  respon- 
sible, not  the  inspector. 

The  Inspector  is  responsible  to  those  who  appoint  him  for 
his  degree  of  efficiency,  but  his  inefficiency  does  not  oblige  the 
drain  layer  to  do  poor  work. 

The  Commissioner  should  condemn  a  dam  he  considers 
unsafe,  and  should  have  power  to  compel  the  owner  to  cease 
to  use  it  until  he  makes  it  safe,  in  the  opinion  of  the  Com- 
missioner, but  it  should  be  none  of  the  Commissioner's  busi- 
ness as  to  what  particular  means  are  employed  to  make  it  safe, 
provided  he  is  satisfied  that  those  means  will  accomplish  the 
purpose. 

It  is  my  opinion  that  no  engineer  should  act  as  a  State  officer 
on  a  dam,  regarding  which  ho  is  employed  in  any  other 
capacity. 

I  would  not  prohibit  members  of  the  Board  from  acting  as 
engineers  in  the  design  and  construction  of  dams,  but  their 
work  should  be  approved  by  some  other  member. 

I  am  in  favor  of  the  first  and  third  changes  suggested  in  the 
committee's  report,  and  am  in  favor  of  the  second  suggested 
change,  provided  the  section  is  so  framed  that  the  inspection, 
supervision,  approval  and  certification  of  the  State  Engineer 
shall  not  relieve  the  owner  or  contractor  from  responsibility 
for  damage  occasioned  by  insufficient  or  poor  material  or  work- 

I  am  in  favor  of  the  incorporation  of  the  four  suggestions 
made  by  the  committee  in 'a  draft  for  a  new  act  or  amendment 
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to  the  present  one.  I  also  think  that  in  important  cases  a 
public  hearing  should  be  held  before  plans  are  approved. 

A  word  as  to  who  should  pay  the  bills.  Engineers  are  the 
most  honest  and  reliable  class  of  people  in  the  world,  but 
they  are  human  and  from  the  very  nature  of  things  they  are 
liable  to  do  better  work  for  their  employers,  when  said 
employers  pay  for  their  services,  than  when  the  bills  are  to 
be  paid  by  the,  in  a  certain  sense,  opposite  party. 

The  law  is  for  the  public  benefit  and  protection,  and  it  is 
unreasonable  to  expect  that  the  public  will  be  fully  protected 
as  long  as  they  insist  that  the  bills  shall  be  paid  by  some 
one  else. 

After  the  discussions  of  the  meeting  are  finished,  I  hope  it 
will  be  voted  that  the  present  committee  be  continued  and 
requested  to  prepare  a  draft  of  a  complete  bill  as  a  substitute 
for  the  present  law,  embodying  the  changes  suggested  by 
them,  and  such  of  the  changes  suggested  by  others  as  meet 
their  approval,  paying  especial  attention  to  the  legal  aspect 
of  the  case,  and  present  said  draft  to  the  Secretary  two  weeks 
previous  to  annual  meeting,  and  that  the  Secretary,  as  soon 
as  practicable,  place  the  whole  discussion  of  the  November 
meeting  in  the  hands  of  the  Committee,  and  that  the  Secre- 
tary print  the  Committee's  draft  for  a  bill  in  the  call  for  the 
annual  meeting. 

W.  B.  Eider:  I  think  the  town  or  city  authorities  should 
take  a  member  of  the  board  with  them  when  they  examine  a 
dam  against  which  complaint  has  been  made  to  them.  The 
State  Engineer  who  is  called  upon  should  have  power  to 
appoint  a  competent  person  to  inspect  all  work  done  during 
the  whole  of  its  progress. 

I  would  suggest  iu  the  law,  concerning  Dams : 

Firsts — Change  Section  3,698  as  suggested. 

Secondy — Change  Section  3,699  by  adding  that  plans  and 
specifications  and  the  work  upon  all  dams,  reservoirs  and 
canals  .of  over  25  feet  in  height  shall  be  approved  by  a 
majority  of  the  board. 
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Third, — Change  Section  3,700  so  as  to  provide  that  all 
parties  having  dams,  reservoirs  and  canals  built  shall  have 
the  same  thoroughly  inspected  during  the  progress  of  the 
work. 

Fourth, — Provide  some  means  to  make  good  any  damage 
caused  by  the  breaking  away  of  any  dam,  flume,  reservoir  or 
canal. 

Fifth, — To  make  it  a  misdemeanor  for  any  person  or  cor- 
poration to  construct  any  dam,  etc.,  without  the  approval  as 
provided  in  Section  3,699. 

Sixths — To  grant  power  to  the  board  to  inspect  dams 
already  built  whenever  they  believe  them  to  be  unsafe,  and 
order  the  water  to  be  drawn  off  until  they  are  repaired  in  a 
thorough  manner. 

Seventh^ — The  provisions  of  this  act  shall  include  dams, 
reservoirs,  flumes,  waste  weirs  and  canals,  leading  or  con- 
veying water  from  dams  and  reservoirs. 

n.  G.  Loomis :  I  think  the  approval  by  the  board  of  plans 
and  specifications  is  all  right,  but  there  ought  to  be  a  better 
way  of  inspecting  work  in  progress  than  at  present ;  and  that 
in  making  alterations  to  the  present  law  or  new  law  we  ought 
to  ask  for  what  we  are  sure  of  getting  and  what  is  feasible. 

S.  C.  Pierson :  It  seems  to  me  that  there  should  be  a  heavy 
penalty  imposed  upon  all  persons  or  corporations  who  build 
dams  either  without  conforming  to  the  present  law  or  in  con- 
tradiction of  it. 

B.  H.  Hull :  I  would  like  to  see  a  commission  appointed 
which  will  have  no  connection  with  the  Board  of  Railroad 
Commissioners,  but  will  be  composed  entirely  of  engineers  who 
are  familiar  with  the  construction  of  dams. 

C.  H.  Bunco :  I  think  that  one  trouble  at  present  is,  that  as 
at  present  constituted,  the  Board  of  Civil  Engineers  which  has 
the  supervision  of  dams  may  have  as  its  head  a  man  who  knows 
nothing  about  dams,  and  as  he  has  the  power  of  appointing  the 
other  members  he  may  not  make  the  best  selection  from  lack 
of  knowledge  of  the  necessary  qualification.  The  weak  spot 
in  the  present  law  is  the  lack  of  penalty  for  breaking  or  not 
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complying  with  the  law.  There  should  also  be  more  inspec- 
tion required,  both  of  new  work  and  old. 

J.  M.  Wheeler:  I  think  that  the  town  or  city  authorities 
should  report  the  condition  of  all  dams  in  their  towns  to  the 
State  Board  periodically,  and  whether  their  owners  are  running 
any  risks  in  their  management,  such  as  leaving  flash-boards  on 
too  long,  or  gates  shut  till  there  is  too  much  pressure. 

F.  W.  Whitlock,— Mr.  President :  I  think  that  after  listen- 
ing to  the  discussion  to-day  and  at  the  last  meeting  I  can  give 
a  brief  condensed  statement  of  the  sum  and  substance  of  the 
opinion  of  the  majority  of  the  members  on  this  subject,  some- 
what as  follows  :  We  believe  the  present  law  to  be  defective 
in  that  it  subordinates  the  authorities  appointed  by  the  State 
to  supervise  the  construction  of  dams  and  reservoirs  to  the 
Railroad  Commissioners,  whereas  owing  to  the  great  difference 
in  qualifications  required  there  should  be  separate  boards. 
We  think  that  the  board  should  have  a  skilled  hydraulic 
engineer  at  its  head  with  power  to  appoint  the  remainder  of 
the  board,  somewhat  as  at  present,  and  that  this  board  should 
have  authority  over  all  dams  already  constructed,  as  well  as 
those  contemplated  and  in  process  of  construction,  and  should 
inspect  all  dams  in  the  State  and  make  a  report  upon  their 
condition  to  the  Governor  or  the  Legislature  at  least  once  in 
two  years.  We  also  think  that  there  should  be  a  rate  of 
payment  by  the  State  for  services  rendered  by  the  members  of 
this  board,  such  as  to  insure  the  appointment  of  competent 
men  upon  it.  This  might  be  done  partly  by  a  fixed  salary  and 
partly  by  a  scale  of  fees  or  by  a  rate  per  diem  for  services  of 
over  some  fixed  number  of  days  in  each  year.  We  find  it 
defective  in  that  although  stating  several  things  that  must  be 
done  it  puts  no  penalty  upon  the  not  doing  them.  It  says  that 
all  persons  building  dams  shall  submit  plans  and  specifications 
for  the  same,  but  gives  the  Board  of  Engineers  no  authority  to 
compel  the  presentation  of  such  plans.  Neither  does  it,  while 
requiring  the  engineers  to  inspect  work  while  in  progress,  give 
them  either  enough  latitude  as  to  the  amount  of  inspection,  or 
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when  it  shall  be  done  ;  nor  does  it  impose  any  penalty  for  the 
engineers  not  doing  his  duty.  There  should  be  an  iJteration 
made  so  that  the  engineer  shall  be  the  judge  of  how  much 
inspection  is  required,  and  so  that  he  may  appoint  some  suita- 
ble and  competent  person  to  inspect  the  work  from  start  to 
finish,  if  be  deems  it  proper.  We  think  that  all  plans  and 
specifications  for  dams  and  reservoirs  should  be  submitted  to 
the  Board  of  Engineers,  and  that  no  work  should  be  done 
upon  such  dams  or  reservoirs  until  the  plans  and  specifications 
have  received  the  approval  of  some  member  of  the  board— or, 
in  important  cases,  the  majority  of  it.  That  the  engineer,  or 
his  properly  authorized  and  appointed  representative,  should 
have  power  to  order  and  compel  the  discontinuance  of  work 
upon  any  dam  or  reservoir  for  unnecessary  departure  from  the 
plans  and  specifications,  or  improper  or  defective  work  or 
negligence.  • 

There  seems  to  be  an  opinion  among  some  of  the  members 
that  there  should  be  a  penalty  imposed  upon  the  owners  of 
dams  which  fail  for  all  damages  caused  by  such  failure, 
especially  where  there  is  evidence  of  negligenco,  either  in  the 
construction  or  maintenance  of  such  dam  on  the  part  of  the 
owners,  and  although  the  work  may  have  been  constructed 
under  the  supervision  and  approval  of  the  State's  engineer. 

After  this  discussion  came  the  following : 

"Talk  on  the  Practical  Part  of  Bridge  Building." 
By  C.  M.  JarviSy  Pre^dent  Berlin  Bridge  Co.^ 

(Tour  Secretary  not  having  received  the  notes  of  this  from 
the  stenographer,  is  obliged  to  omit  it  for  the  present). 

After  Mr.  Jarvis'  talk,  adjournment  was  had  to  the  "  Tem- 
plet-room'' of  the  Bridge  Company's  works,  where  the  mem- 
bers found  a  bountiful  lunch  awaiting  them,  which  was  much 
enjoyed  by  alL  After  lunch  the  Association  was  taken  through 
the  works  by  Mr.  Jarvis  and  his  assistants  and  had  the 
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various  processes  of  bridge  building  explained  to  them^  after 
which  the  following  paper  was  read  : 

PAPER  ON  ASPHALT  ROADS. 
By  a  U.  Bwnce,  C.  E, 

This  paper  was  originally  prepared  as  a  report  of  a  com- 
mittee sent  by  the  Board  of  Street  Commissioners  of  the  city 
of  Hartford,  to  visit  Rochester,  Buffalo,  Indianapolis  and 
New  York  for  the  purpose  of  investigating  the  subject  of 
Asphalt  Roads.  Consequently  it  has  a  larger  local  than  gen- 
eral application,  and  yet  it  is  hoped  that  the  general  deduc- 
tions may  be  of  interest  to  all,  and  serve  the  purpose  of  calling 
out  discussion,  if  nothing  more. 

Rochester  has  a  climate  quite  similar  to  ours,  extremes 
being  95®  and  15®.  The  soil  is  either  a  heavy  loam  or  sandy 
gravel.  The  first  asphalt  pavement  was^put  down  about  seven 
years  ago,  and  there  are  now  seven  and  eight-tenths  miles,  all 
in  good  condition.  The  cost  per  square  yard  has  been  from 
two  dollars  and  seventy-five  cents  to  two  dollars  and  eighty 
cents ;  this  price  includes  all  work  of  grading,  providing  con- 
crete foundations,  and  asphalt-wearing  surface,  with  a  guar- 
antee to  keep  the  pavements  in  repair  for  five  years.  Its  use 
has  been  confined  to  residence  streets,  and  the  testimony  was, 
that  values  of  real  estate  had  risen  on  asphalt  streets — notably 
on  Lake  avenue,  where  property  had  increased  from  seventy 
or  eighty  dollars  to  one  hundred  and  one  hundred  and 
twenty-five  dollars  per  front  foot.  The  property-holders 
choose  the  kind  of  pavement  they  prefer,  and  pay  the  whole 
cost. 

Buffalo  is  also  subject  to  about  the  same  extremes  of  tem- 
perature, and  has  an  underlying  soil  of  loam,  sand,  hard-pan, 
and  clay — sometimes  all  on  one  street.  The  first  asphalt 
pavement  was  laid  in  1878-9 ;  then  from  1882  down  to  the 
present  time,  until  the  total  length  now  in  use  exceeds  seventy 
miles,  all  of  which  has  been  laid  by  the  Barber  Asphalt 
Paving  Company,  at  a  cost  of  three  dollars  per  square  yard, 
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including  in  that  price  all  work,  together  with  a  five-year 
goarantee.  Its  use  has  been  confined  to  residence  streets  and 
business  streets  of  comparatively  light  traffic,  and  is  not  laid 
on  streets  with  a  steeper  grade  than  three  feet  to  the  hundred. 
In  fact,  this  seems  to  be  the  limit  of  grade  recommended  by 
all  —  both  engineers  and  contractors.  Here,  too,  the  abuttors 
choose  the  kind  of  pavement  they  prefer,  and  pay  the  total 
cost.  It  was  testified  that  most  of  the  pavement  was  in  very 
good  condition,  a  fact  which  our  observation  confirmed,  with 
one  notable  exception.  For  two  blocks  on  Delaware  avenue, 
a  distance  of  about  one-third  of  a  mile,  the  pavement  was  in 
a  most  miserable  condition,  full  of  holes  to  the  full  depth  of 
the  asphalt  wearing  surface,  and  constantly  growing  war§e. 

It  was  said  that  this  piece  was  originally  laid  by  the  Abbott 
CJompany  of  Chicago,  and  was  resurfaced  by  Barber  about 
two  years  ago.  This  piece  of  work,  taken  by  itself,  is  suffi- 
ciently bad  to  condemn  all  asphalt  pavement. 

Stopping  at  Cleveland.  Ohio,  on  our  way  to  Indianapolis, 
we  found  an  entirely  different  state  of  affairs.  While  Roches- 
ter and  Buffalo  were  enthusiastically  in  favor  of  asphalt  pave- 
ments, Cleveland  as  strongly  condemned  them,  having  had  a 
bitter  experience  with  the  Vulcanite  or  Coal  Tar  distillate 
pavement,  which  they  were  compelled  to  take  up  fiifter  a  short 
trial. 

At  the  Paving  Exposition  at  Indianapolis  we  saw  fine 
specimens  of  asphalt,  wood  and  brick  pavements ;  but  unfor- 
tunately for  the  purpose  of  comparison,  no  rock  asphalt  pave- 
ments were  exhibited,  but  only  those  made  of  the  Trinidad, 
all  three  companies  represented  using  that  material. 

Arriving  in  New  York,  we  made  as  full  an  investigation  of 
the  subject  as  time  would  permit,  visiting  the  offices  of  the 
numerous  companies  and  inspecting  the  work  already  laid. 
It  is  safe  to  say,  that  we  found  wide  differences  in  the  condi- 
tion of  the  streets.  Cedar  and  Chamber  streets,  laid  by  the 
Barber  Company  within  two  years,  are  already  in  bad  shape, 
while  Park  Avenue,  laid  by  the  same  company,  is  in  very  good 
condition.    This  was  laid  on  the  old  stone  block  pavement, 
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but  is  not  subjected  to  such  heavy  traffic  as  the  down-town 
streets.  On  Madison  Avenue  the  Barber  Company  has  laid 
from  Twenty-third  to  Thirty-second  street.  It  is  said  to  have 
been  abeady  repaired  somewhat,  but  now  appears  to  be  in 
good  condition.  The  Sicilian  Asphalt  Company  has  a  con- 
tract on  Madison  avenue  from  Thirty-second  to  Fifty-eighth 
street.  They  laid  a  small  portion  last  year  which  is  in  excel- 
lent condition,  and  are  now  completing  the  contract  We 
would  not  fail  to  mention  also  a  piece  of  pavement  which  we 
saw  on  Harrison  street,  Brooklyn,  laid  by  the  Union  Pave- 
ment Company,  with  Kentucky  natural  rock,  as  a  specimen. 
This  was  laid  last  June  on  top  of  the  old  cobble  pavements — 
about  as  unfavorable  a  condition  of  things  as  could  be  imag- 
ined ;  yet  the  pavement  is  in  first-class  condition,  showing  no 
signs  of  wear  or  disintegration. 

The  cost  of  asphalt  pavement  in  New  York  is  about  $3.28 
per  square  yard,  with  a  five-year  guarantee,  and  about  $4  50 
per  square  yard,  with  a  fifteen-year  guarantee.  This  is  prac- 
tically the  same  initial  price,  as  the  contractors  add  a  certain 
amount  per  square  yard  per  year  for  all  time  over  five  years. 

Coming  now  to  a  summing  up  of  the  results  of  our  investi- 
gation, and  a  consideration  of  the  adaptability  of  asphalt  for 
street  paving  purposes  in  our  own  city,  some,  preliminary 
remarks  seem  to  be  necessary. 

The  indispensable  requisite  for  a  successful  asphalt  pave- 
ment, and  in  fac^  for  any  good  road,  is  a  thoroughly  firm  and 
unyielding  foundation.  Any  depression  in  the  foundation 
will  inevitably  be  followed  by  a  corresponding  depression  in 
the  asphalt  surface.  In  all  cities  that  we  visited  the  practice  * 
is  to  use  a  concrete  composed  of  broken  stone,  cement  and 
sand,  six  inches  thick,  but  we  fail  to  find  any  city  that  has  so 
poor  a  natural  soil  to  contend  with  as  ours.  Gen.  Gilmore, 
in  his  work  on  **  Roads,  Streets,  and  Pavements,"  says:  **That 
the  concrete  should  not  be  less  than  six  inches  thick  if  upon 
firm  and  compact  soil,  and  rarely  more  than  nine  or  ten 
inches  if  the  road  bed  be  wet,  spongy,  or  clayey."  It  seems 
to  us  that  the  last  part  of  the  quotation  applies  to  our  condi* 
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tion,  and  that  a  thicker  layer  than  six  inches  would  be  neces- 
sary to  obtain  first-class  and,  therefore,  satisfactory  results. 

It  should  be  borne  in  mind  that  in  any  comparison  of  prices 
in  this  report,  the  cost  of  the  asphalt  pavement  is  based  upon 
the  use  of  six  inches  of  concrete,  and  that  if  it  should  seem 
wise  to  increase  this  thickness  by  three  inches,  the  cost  would 
be  increased  seventy-five  cents  per  square  yard. 

Another  additional  expense  that  would  be  entailed  on  us  is 
also  due  to  our  unfortunate  soil  You  are  well  awajre  of  the 
great  difficulty  in  keeping  the  curb-stones  in  proper  line  and 
grade ;  and  as  the  usual  practice  is  to  finish  the  asphalt  cov- 
ering up  to  the  curb,  dispensing  with  gutter-stones,  it  would 
be  necessary  to  set  the  curb  on  as  unyielding  foundation  as 
the  roadway  itself,  in  order  to  prevent  disintegration  at  the 
edges.  A  suitable  concrete  foundation  for  this  purpose  would 
cost  about  thirty-two  cents  per  lineal  foot  of  roadway  on  both 
sides. 

It  is  also  of  the  utmost  importance  that  all  connections  for 
water,  gas  and  sewer  should  be  laid  to  the  inside  of  the  curb 
before  any  foundation  is  put  down.  It  is  the  universal  opin- 
ion of  all  engineers  with  whom  we  talked  that  this  should  be 
done  at  least  one  year  before  the  pavement  was  laid  to  insure 
proper  settlement. 

Having  then  secured  a  suitable  foundation  for  our  roadway, 
we  come  now  to  a  discussion  of  the  best  material  for  the 
wearing  surface.  We  are  aware  that  this  is  a  delicate  ques- 
tion to  answer.  Asphalt  pavement,  as  laid  in  this  country, 
may  be  divided  into  three  classes — the  Vulcanite,  or  coal-tar 
distillate,  the  Trinidad,  and  the  natural  rock ;  each  kind  has 
its  strong  adherents,  and  a  great  diversity  of  opinion  exists  as 
to  which  is  the  best.  In  forming  our  opinion,  we  have 
endeavored  to  divest  ourselves  of  all  prejudice,  and  to  be 
guided  by  a  careful  consideration  of  the  merits  and  failures  of 
each  kind,  confirming  our  study  by  the  testimony  of  others 
and  our  own  observation. 

First  of  all,  then,  we  purpose  to  exclude  the  vulcanite  or 
coal  tar  distillate  pavement;  for,  although  large  quantities 
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have  been  used  in  Pittsburgh,  Washington  and  Philadelphia, 
we  do  not  feel  warranted  in  recommending  its  use.  The  other 
two  classes  will  be  considered  under  the  general  names  of 
asphaltiim  and  bituminous  limestones. 

Asphaltum  is  a  variety  of  bitumen  found  in  many  parts  of 
the  world;  that  most  extensively  used  in  this  country  is 
obtained  from  Pitch  Lake  on  the  island  of  Trinidad.  In  its 
natural  condition  it  contains  a  large  quantity  of  water  and 
much  deleterious  earthly  matter,  both  of  which  must  be 
removed  by  careful  processes  of  refining.  Just  at  this  point 
enters  the  first  element  of  danger.  Gen.  Gilmore  says :  "  The 
manner  in  which  the  crude  material  is  treated  for  the  purpose 
of  separating  these  foreign  substances  and  distilliDg  volatile  * 
matter  is  faulty.  The  heat  is  often  applied  in  an  irregular 
and  unsystematic  manner,  and  with  such  carelessness  as 
frequently  to  destroy,  by  overheating,  much  of  the  most  valu- 
able part  of  the  asphalt,  leaving  the  material  in  such  condi- 
tion that  when  employed  for  pavements,  even  after  the  best 
formula  honestly  and  closely  followed,  no  good  result  can  be 
obtained." 

But  even  when  properly  refined,  the  asphaltum  is  not  yet 
ready  for  use.  It  is  too  brittle  when  cold,  and  too  soft  when 
exposed  to  the  heat  of  the  sun,  to  be  employed  in  its  natural 
state  as  the  cementing  substance  of  street  pavements.  A 
suitable  solvent  to  render  it  fit  for  such  use  has  been  found  in 
the  heavy  petroleum  oils.  These  are  mixed  in  proper  pro- 
portions at  a  very  high  temperature,  and  then  there  results  a 
manufactured  bituminous  cement  closely  resembling  the  bitu- 
minous constituent  of  the  natural  asphalt  rock. 

One  more  process  is  still  necessary  to  make  the  material 
ready  for  use  on  the  street,  and  that  is  the  addition  of  about 
eighty  parts  of  sand  to  twenty  parts  of  the  asphaltic  cement. 
This  mixing  also  being  done  at  a  high  temperature. 

It  can  readily  be  understood  that  unless  great  skill  and  care 
are  used  in  all  these  processes,  an  inferior  article  will  be  the 
result,  and  to  just  this  want  we  attribute  the  failures  of  the 
Trinidad  pavements  which  we  observed,  rather  than  to  any 
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intention  to  do  poor  work.  To  prepare  this  material  a  very 
expensive  plant  is  necessary,  so  expensive,  in  fact,  that  the 
^contractors  for  this  pavement  are  unwilling  and  unable  to 
undertake  small  contracts.  This  seems  to  us  another  arga- 
ment  against  its  use,  for  after  the  guarantee  of  the  contractor 
had  expired  the  city  would  be  compelled  to  maintain  a  plant 
and  have  at  all  times  a  gang  of  experienced  men  ready  to  make 
immediate  repairs ;  for  only  by  speedy  attention  to  any  break 
•can  an  asphalt  pavement  be  preserved. 

The  claim  of  the  natural  rock  men  is  that  they  have  fur- 
nished by  nature  all  that  the  others  endeavor  to  imitate  and 
reproduce  by  processes  of  manufacture.  The  principal  natural 
rocks  are  the  Seyssel,  the  Kenchatel  and  the  Sicilian,  imported 
iVom  Europe.  Those  are  all  limestone,  thoroughly  impreg- 
nated with  bitumen.  There  is  also  the  natural  rock  in  Ken- 
tucky, which  furnished  the  specimen  in  Brooklyn  spoken  of 
above.  This  is  sand  instead  of  limestone,  impregnated  with 
the  bitumen. 

Experience  has  shown  that  the  proper  proportion  of  bitumen 
is  from  ten  to  twelve  per  cent.,  and,  as  these  rocks  are  liable  to 
vary,  they  are  brought  to  a  uniform  quality,  which  can  readily 
be  done  by  mixing  rocks  of  a  higher  or  lower  grade  as  the  cir- 
•cnmstances  require.  The  rock,  with  nothing  added,  is  ground 
to  a  fine  powder,  and  when  heated  to  about  200**  Fah.,  is  ready 
to  place  upon  the  foundation,  where  it  is  compressed — prefer- 
ably by  hot  rammers.  As  the  plant  is  not  expensive,  small 
contracts  can  readily  be  undertaken,  and,  having  a  stock  of  the 
^ound  powder  on  hand,  future  repair  can  be  made  by  com- 
paratively unskilled  labor.  It  was  formerly  supposed  that  this 
material  was  more  expensive  than  the  Trinidad,  but  we  observe 
that  contracts  are  now  taken  at  practically  the  same  figures  for 
both  kinds. 

We,  therefore,  conclude,  for  the  above-stated  reasons  and 
many  others,  to  include  which  would  unduly  lengthen  this 
report,  that  the  best  results  can  most  surely  be  obtained  by  the 
tise  of  one  of  the  natural  rocks. 
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One  of  the  objectioES  that  has  been  urged  against  the  use  of 
the  asphalt  pavement  is  its  supposed  slipperiness.  On  this 
point,  although  there  is  a  difference  of  opinion,  we  l>elieve  a 
misapprehension  exists.  The  very  general  opinion  of  citizens 
of  BufEsdo,  among  whom  are  included  large  livery  stable  own- 
ers, the  chief  of  the  fire  department,  and  the  police  oflScer  in 
charge  of  the  four  patrol  wagons,  was  that  their  asphalt  was  in 
no  sense  of  the  word  slippery,  unless  when  covered  with  mud 
or  ice,  in  which  case  any  pavement  might  be  expected  to  be 
slippery. 

This  opinion  was  confirmed  by  our  own  observations  during 
a  three  hours*  examination.  We  carefully  noted  the  action  of 
every  horse  that  passed  us.  We  saw  every  variety  of  pace  from 
a  walk  to  the  running  of  one  horse,  and,  although  the  pave- 
ments were  wet  from  melting  snow,  we  did  not  see  a  single  slip. 

The  only  strictly  authoritative  statement  on  this  subject  that 
we  can  find  in  any  city  in  this  country  is  contained  in  last  year's 
report  of  the  Chief  Engineer  of  the  Board  of  Public  Works  in 
Cincinnati.  In  a  table  entitled  "Census  of  Travel  on  Twenty 
Improved  Streets,"  is  a  series  of  observations  taken  by  four 
sworn  observers  during  fifteen  hours  per  day  for  two  days  on 
each  street,  ^he  length  of  block  on  each  street  under  observa- 
tion was  about  four  hundred  feet;  the  pavements  being  14 
granite  block  and  6  asphalt.  During  the  time  covered  by 
the  report  there  passed  over  these  streets  one  hundred  and 
forty-two  thousand,  three  hundred  and  thirty-seven  horses 
(142,337),  with  the  following  results  as  to  accidents : 

Horses — Falls  on  knees,  1  on  granite  in  good  condition  but 
dirty. 

Horses — Falls  on  haunches,  1  on  asphalt,  good  and  clean. 

Horses — Complete  falls,  4  on  asphalt,  good  but  dirty;  one 
on  granite,  good  but  dirty ;  or,  out  of  the  whole  number,  a  total 
of  seven  falls,  with  only  one  on  a  clean  street.  We  do  not 
believe  that  under  similar  circumstances  an  asphalt  pavement 
is  as  slippery  as  either  wood  or  stone  blocks.  Of  course,  no 
comparison  can  be  made  with  Macadam  road. 
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One  other  question  remains  for  consideration :  How  does 
ihe  cost  of  an  asphalt  pavement  compare,  not  with  any  other 
kind  of  pavement,  but  with  the  Macadam  road,  as  made  by 
us?  We  have  found  it  an  extremely  difficult  matter  to  arrive 
at  the  exact  cost  of  our  streets,  from  the  fact  that  many  streets 
are  stoned  a  section  at  a  time,  and  on  others  part  of  the  work 
is  done  one  year  and  finished  at  some  future  time ;  so  that  it 
is  impossible  to  say  when  a  certain  length  of  street  appears 
in  the  table,  whether  that  is  entirely  new  work,  or  whether  it 
has  not  already  been  partially  taken  into  the  account. 

Taking  the  work  of  the  past  five  years,  and  reducing  all  to 
a  roadway  thirty  feet  wide,  we  find  that  the  average  cost  of 
our  work  has  been  approximately  at  $3.30  per  lineal  foot, 
including  the  necessary  grading.  If  it  is  difficut  to  estimate 
the  co^t  of  new  Macadam,  it  is  still  more  so  to  tell  the  cost 
per  foot  of  the  repairs,  except  in  a  very  rough  way.  Yet  this 
should  be  taken  into  account  in  making  the  comparison,  as 
one  of  the  strong  objection  urged  against  the  Macadam  road 
is  the  cost  of  maintenance.  Taking  the  cost  of  repairs  as 
given  on  these  roads  in  London  and  Paris,  there  would  seem 
to  be  great  force  in  this  objection,  but  our  practice  is  far 
below  theirs,  and  we  must  deal  with  things  as  we  find  them  ' 
here. 

There  are  in  this  city  180  Macadamized  streets,  measuring 
sixty-four  miles.  During  the  past  year  there  have  been 
repaired,  in  a  greater  or  less  degree,  120  of  these  streets,  at  a 
cost  of  $9,400.  If  we  consider  that  these  bear  the  same  ratio 
to  the  total  length  as  they  do  to  the  total  number,  we  find 
that  the  repairs  cover  about  forty-three  miles,  at  a  cost  of 
$218  per  mile,  or  .042  cent  per  lineal  foot  of  roadway.  Accord- 
ing to  the  engineer's  reports  in  Washington,  taking  the  ei^- 
perience  of  twelve  years,  the  average  cost  of  maintenance  of 
asphalt  pavements  per  square  yard  per  year  has  been  .013 
cents,  or  .042  cents  per  lineal  foot  of  roadway,  agreeing 
exactly  with  our  figures.  This,  however,  is  far  below  the 
allowance  which  the  contractors  make  for  repairs  on  a  fifteen- 
year  guarantee,  their  figures  being  just  ten  times  as  much ; 
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and  perbjftps  our  own  should  be  proportionately  increased  if 
we  desire  to  obtain  as  perfect  results.  So  far,  then,  as  we  can 
rely  upon  the  above  date  the  cost  of  repairs  may  be 
eliminated  from  the  comparison,  and  the  question  will  be 
answered  by  a  statement  of  first  cost. 

Taking  the  New  York  price  of  f3.28  per  square  yard,  the 
cost  of  asphalt  pavements  per  lineal  foot  of  a  thirty  foot  road- 
way would  be  ten  dollars  and  ninety-five  cents,  as  against 
$3.30  for  our  Macadam.  If  we  add  to  the  above  price  the 
cost  of  three  inches  greater  depth  of  concrete,  at  seventy-five 
cents  per  square  yard,  or  $2.50  per  foot  of  roadway,  and  also 
thirty-two  cents  per  foot  for  foundation  of  curb,  the  cost  of 
the  asphalt  street  would  be  raised  to  $13.77  per  foot,  leaving 
a  wide  margin  in  point  of  cost  in  favor  of  the  Macadam  road 
even  if  it  should  be  deemed  wise  economy  to  make  much 
more  thorough  and  careful  repairs  than  has  been  our  custom. 

There  can  be  no  question  that  as  regards  cleanliness, 
healthfulness,  and  quietness,  a  sheet  asphalt  pavement  far 
exceeds  any  other  kind ;  and  we  believe,  as  far  as  the  traffic 
alone  is  concerned,  that  it  could  be  used  within  the  proper 
limitation  of  grade  on  any  or  all  of  our  streets  with  good 
results  and  entire  satisfaction. 

In  conclusion  we  believe  that  the  use  of  asphalt  pavement 
for  road  purposes  has  passed  beyond  the  stage  of  experiment, 
and  that  the  only  real  question  at  issue  is  whether  its  adop- 
tion is  advisable  on  account  of  its  cost. 

After  the  reading  of  this  paper  the  meeting  adjourned  to 
the  Annual  Meeting,  to  be  held  in  Hartford  on  Jan.  13, 1891. 
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SEVENTH  ANNUflL  MEETING 

OF  THE 

(Connecticut   Associatior]  of   ^i>;il    Qrngineers 

AND 

SURVEYORS, 

HELD  AT   HARTFORD,  JANUARY  13,  1891. 
In  the  Offlce  of  C.  H.  Bonce,  dtj  Snrreyor. 


The  meeting  was  called  to  order  by  President  W.  B.  Pal- 
mer at  11:30  a.  m. 

There  were  present:  W.  B.  Palmer,  B.  H.  Hall,  C.  H. 
Bance,  G.  H.  Bishop,  E.  P.  Augur,  C.  E.  Chandler,  L.  B. 
Jenckes,  H.  G.  Loomis,  W.  B.  Rider,  W.  II.  Burnett,  Q.  K. 
Crandall,  A.  J.  Patton,  T.  H.  McKenzie,  W.  H.  Ohnsted, 
R  B.  Carter,  E.  N.  Pike,  W.  S.  Clark,  F.  W.  Whitlock.  R 
Fenton,  R.  J.  Sabin,  II.  W.  Ayers,  A.  R.  Wadsworth,  H.  L. 
Davis,  E.  H.  Phipps,  S.  C.  Pierson,  and  as  visitors,  Messrs. 
E.  N.  Phelps,  of  Hartford,  and  L.  B.  Hamilton,  of  Waterbury. 

Upon  motion,  the  reading  of  the  minutes  of  the  last  meeting 
was  dispensed  with,  as  they  had  been  printed  and  distributed 
Mrith  the  report  of  that  meeting,  and  they  were  approved  as 
printed. 

The  Secretary  then  presented  and  read  the  following  report, 
which  was  accepted  and  ordered  printed : 

SECRETARY'S  REPORT. 

To  the  President  and  Members  of  the  Connecticut  Aeeocia- 
tion  of  CivU  Engineers  and  Surveyors  : 

GENTLEifEN^ — I  take  great  pleasure  in  submitting  herewith 
the  report  of  the  Secretary  for  the  year  ending  January  13, 
1891. 

The  report  of  my  predecessor  shows  a  membership  of  eighty, 
— four  honorary,  four  associate,  sevenly-two  active.    To-day 
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we  have  seven  hoDorary,  four  associate,  eighty-two  active, 
making  a  total  of  93, — ^gain  of  13  during  the  past  year. 

During  the  year  we  have  lost  two  members  by  death,  our 
honored  President,  F.  Floyd  Weld,  whose  interest  in  our  Asso- 
ciation, and  readiness  to  spend  his  strength  and  time  for  our 
benefit,  is  exceeded  by  none,  and  whose  loss  will  be  long  re- 
gretted by  each  and  all  of  us.  To  his  loss  must  be  attributed 
many  of  the  shortcomings  of  your  Secretary,  for  at  the  outset 
of  his  term  of  oflSce  he  depended  largely  upon  the  advice  and 
assistance  of  the  President.  Mr.  H.  J.  Kellogg,  at  the  August 
meeting  at  West  Haven,  gave  you  a  paper  telling  much  of 
Weld's  life  and  experience.  The  second  is  A.  B.  Stollmayer, 
who  was  elected  at  the  West  Haven  meeting.  For  the  course 
of  the  year  just  gone  by  there  have  been  held  the  following 
meetings:  The  annual  at  Hartford,  January  14th,  1890;«one  at 
West  Haven,  August  29th,  1890;  and  one  at  East  Berlin, 
November  29th,  1890.  The  report  of  the  annual  meeting,  as  well 
as  of  the  meeting  held  at  New  Haven,  September  12th,  1889, 
was  published,  and  distributed  to  the  members  as  early  in  the 
year  as  was  possible.  Reports  of  the  two  other  meetings  have 
been  published  and  distributed  as  soon  as  practicable  after  the 
meetings  were  held.  Of  each  of  these  reports  several  copies 
remain  in  the  charge  of  the  Secretary ;  of  the  annual,  about 
600 ;  of  the  others,  about  900  each.  These  last,  however,  vrill 
be  bound  up  with  the  report  of  this  meeting,  making  the 
report  of  the  past  year.  Your  Secretary  would  further  report 
that  he  has  written  to  the  secretaries  of  several  of  the  kindred 
organizations  with  the  view  of  making  exchanges  of  publica- 
tions with  them.  To  date  he  has  had  replies  from  but  one  of 
them ;  the  Engineers'  Club  of  St.  Louis,  who  say  that  they 
issue  no  special  publications,  their  papers  being  published  in 
the  Journal  of  the  Association  of  Engineering  Societies. 

The  following  exchanges  have  been  received  and  have  been 
held  by  the  Secretary  in  hopes  of  having  others  to  accompany 
them:  Reports  of  the  Ohio  Society,  Iowa  Society,  Indiana 
Society,  and  Dominion  of  Canada  Society.  These  will  bo  sent 
to  the  members  in  the  course  of  a  few  days.    Tour  Secretary 
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takes  the  liberty  of  Buggeeting  that  it  would  be  well  if  more 
meetings  of  the  society  could  be  held — say  at  least  four  during 
the  year.  This  course  would,  he  believes,  tend  to  produce 
more  interest  among  the  members  and  bring  out  more  papers 
from  them,  more  queries  for  the  question  box,  as  well  as  earlier 
replies  to  them  from  the  various  committees.  The  time 
between  the  query  and  its  reply  is  now  too  great.  It  would  also 
furnish  an  opportunity  for  more  frequent  publication,  and  at  the 
same  time  much  better  opportunities  to  our  advertisers,  and, 
he  believes,  an  addition  to  our  revenues. 

Respectfully  submitted, 

FRANK  W.  WniTLOCK, 
Secretary, 

C.  H.  Bunce  then  presented  the  following  report  of  the 
Executive  Committee :  "There  having  been  no  necessity  for 
them,  no  meetings  of  this  committee  have  been  held  during  the 
past  year,  until  this  morning,  when  a  meeting  was  held  to  audit 
the  accounts  of  the  Treasurer,  which  were  then  examined  and 
approved." 

The  Treasurer  presented  the  following  report,  which,  after 
being  read,  was,  upon  motion,  accepted  and  ordered  printed  : 

TREASURER'S  REPORT. 

Seventh  Annual  Report  of  the  Treasurer  of  the  Connecti- 
cut Association  of  Civil  Engineers  and  Surveyors. 
The  receipts  have  been  as  follows : 
Cash  on  hand  as  per  last  report,    .  $137  18 

Received  from  dues,  306  25 

"         "     advertisements,  88  60 


Disbursements  have  been  as  follows  : 

W.  C.  Fineout,  stenographic  report,  $  16  80 

B.  L.  Woods,              "              "         .  7  00 

Carried  forward,  .        $22  80 


$531  93 
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Brought  forward, 

$  22  80 

Waterbory  Printing  Co.,  reports,  circulars 

and  postals,    .... 

339  18 

F.  W.  Whitlock,  express  and  freight  on 

Reports  and  exchanges,   . 

12  60 

F.  W.  Whitlock,  postage  and  telegrams, 

21  32 

clerk  hire. 

25  00 

$420  90 

Cash  on  hand,    .... 

111  03 

$531  93 

Respectfully  submitted, 

F.  W. 

WHITLOCK, 

IVetuurer. 

Examined  and  approved  by  the  ExecutiVe  Committee. 

C.  n.  BUNCE. 

Upon  motion  of  Mr.  Bunco  tlie  reports  of  Special  Commit- 
tees were  laid  on  the  table  till  later  on. 

The  application  of  E.  N.  Phelps  for  membership  in  the  Asso- 
ciation was  received  and  referred  to  the  Committee  on  Mem- 
bership and,  npon  the  favorable  report  of  that  committee,  Mr. 
Phelps  was  duly  elected  a  member. 

The  Association  then  proceeded  to  the  election  of  officers 
for  the  ensuing  year,  and  the  following  were  the  choice  of  the 
Association : 

President, — K  P.  Augur,  Middletown. 
First  Vice-President, — ^T.  H.  McEenzie,  Southington. 
Second  Vice-President, — W.  H.  Burnett,  Norwich. 
Secretary  and  Treasurer, — F.  W.  Whitlock,  Waterbury . 
Assistant  Secretary, — A.  R  Wadsworth,  Farmington. 

Upon  motion  of  Mr.  Bunce,  the  President  then  appointed 
Messrs.  Ayers,  Augur  and  Burnett  a  committee  to  present 
names  for  members  of  the  Executive  and  Membership  Com- 
mittees. 
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The  NomiDating  Committee  then  reported  the  following, 
^ho,  upon  motion,  were  elected : 

EXEOUnVE  OOMMITTBE. 

E.  p.  Angur,  E.  H.  Phipps, 

C.  H.  Bnnce,  B.  K.  Field. 

T.  H.  McKenzde. 

MEMBEBSHIP  COMiaTTEE. 

C.  E.  Chandler,  H.  L.  Davis, 

W.  G.  Smith. 

The  Secretary  then  reported  to  the  Association  that  the  New 
England  Water  Works  Association  would  hold  its  annual  con- 
vention in  Hartford  in  June  next,  saying  that  he  was  well 
aware  that  the  privilege  of  entertaining  the  Water  Works 
Association  belonged  to  Hartford,  and  the  members  of  that 
association  residing  there,  but  that  he  thought  it  would  be  an 
act  of  courtesy  on  the  part  of  this  association,  which  would  be 
thoroughly  appreciated  by  the  New  England  Water  Works 
Association,  if  the  Connecticut  Association  of  Civil  Engineers 
and  Surveyors  took  some  action,  with  a  view  to  co-operation 
with  the  local  entertainment  committee,  and  the  officers  of  the 
New  England  Water  Works  Association  by  offering  such 
assistance  in  arranging  their  programme  and  providing  enter- 
tainment for  them  as  was  in  its  power.  There  would  probably 
be  a  large  attendance  at  the  convention  —  from  200  to  250  — 
and  it  was  customary  to  entertain  the  members  by  giving  them 
an  opportunity  to  see  the  sights  of  the  cities  where  the  conven- 
tions were  held,  and  taking  them  on  such  excursions  as  could 
be  conveniently  arranged. 

Upon  motion  of  Mr  McEenzie,  the  President  then  appointed 
Messrs.  Bunce,  McEenzie,  Whitlock,  Ayers  and  Augur  as  a 
committee  of  this  association  to  confer  with  the  officers  of  the 
New  England  Water  Works  Association  and  the  local  enter- 
tainment committee,  and  to  offer  them  such  assistance  as  was 
in  their  power  in  arranging  their  programme  for  the  conven- 
tion and  entertaining  of  that  association. 
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Mr.  Bnnce :  At  the  meeting  at  East  Berlin  a  committee  was 
appointed  to  report  a  revision  on  our  Oonstitution  and  By- 
Laws:  I  move  you,  Mr.  President,  that  this  committee  be 
continued  and  that  the  Secretary  be,  and  is  hereby  instructed 
to  send  a  copy  of  the  report  of  that  committee  to  each  mem- 
ber, at  least  ten  days  before  the  next  meeting  of  this  association, 
and  that  he  make  special  mention  of  this  subject  in  the  call  for 
that  meeting.    Motion  carried. 

The  resignations  of  Messrs.  J.  0.  Kawn,  Wm.  Burton,  J.  B. 
Johnson  and  E.  A.  Hill  were  presented.  Upon  motion,  the 
resignations  of  Messrs.  Bawn  and  Burton  were  accepted,  and 
the  Secretary  was  instructed  to  report  at  the  next  meeting  the 
facts  in  the  cases  of  Messrs.  Hill  and  Johnson,  who  claim  to 
have  sent  in  their  resignations  some  two  years  ago. 

President  Palmer  then  read  the  annual  address,  as  follows : 

Gentlemen  of  the  Connecticut  Association  of  Civil  Engineers 
and  Surveyors  : 
Again  we  meet  at  our  annual  meeting,  and  I  have  the 
pleasure  of  congratulating  you  upon  the  continued  prosperity 
of  our  Association  and  upon  its  flourishing  condition,  as  evi- 
denced by  the  annual  report  of  our  Secretary  and  Treasurer, 
and  by  the  increased  membership  during  the  past  year.  At  our 
last  annual  meeting  pursuant  to  the  recommendation  of  Presi- 
dent Bunco,  in  his  annual  address,  it  was  voted:  ''That  the 
members  of  the  Association  be  requested  to  forward  to  the 
President  a  summary  of  the  work  done  during  the  year,  to  be 
incorporated  in  the  annual  address,''  and  at  our  last  regular 
meeting  in  November  the  Secretary  was  instructed  to  mail  to 
each  member  a  circular  letter  calling  attention  to  the  action  of 
the  Association  and  embodying  the  same  request.  I  regret 
exceedingly  to  be  obliged  to  state  that  the  responses  to  this 
invitation  have  been  very  few,  so  few,  in  fact,  that  I  have  not 
been  able  to  obtain  suflScient  data  to  give  even  a  general  idea 
of  what  has  been  accomplished  tliroughout  the  State  during 
the  past  year,  although  I  am  sure  that  to  most  of  us  it  has 
been  a  busy  year. 
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I  have  received  altogether  only  six  repliee  from  members 
of  the  Association,  and  one  reply  in  response  to  a  nnmber  of 
letters  sent  ont  by  myself,  to  those  not  members  of  the  Associ- 
tion.  The  data  being  so  meager,  it  was  my  first  thought  to 
omit  it  altogether,  but  on  farther  consideration  I  have  decided 
to  give  what  has  been  obtained  from  members  and  other  sources, 
believing  it  to  due  to  those  who  have  contributed  such  informa- 
mation,  that  some  acknowledgement  should  be  made  in  regard 
to  it. 

I  most  earnestly  hope  that  at  the  end  of  the  present  year 
the  members  will  be  able  to  see  the  advantage  and  value  of 
this  feature  as  forming  a  connected  and  permanent  record  of 
the  engineering  work  of  the  State  and  be  more  liberal  in  their 
responses.    The  work  reported  is  as  follows : 

In  sewerage  there  have  been  constructed,  so  far  as  reported, 
56,027  lineal  feet  of  sewers,  of  which  3,365  feet  were  laid  in 
Hartford  at  a  cost  of  $6,128,-392  feet  being  of  brick,  30  inches 
in  diameter,  and  costing  $1,759,  the  remainder  being  15-inch 
Akron  tile ;  4,850  feet  at  New  London,  at  a  cost  of  $6,000,  all 
of  which  was  tile;  4,862  feet  atWaterbury;  17,890  feet  at 
Bridgeport— 300  feet  of  which  was  brick  22x33  inches,  5,780 
feet  of  15x20  cement  pipe,  and  11,810  feet  of  12  inch  pipe,  the 
greater  part  of  which  was  cement,  and  1,300  feet  at  Fairfield 
of  Akron  tile.  The  remaining  23,760  feet  were  laid  in  differ- 
ent parts  of  the  State,  the  places  not  being  reported. 

The  cost  of  the  greater  part  of  the  tile  sewers  laid  in  Hart- 
ford was  increased  by  the  fact,  that  the  plan  has  been  recently 
adopted  of  putting  in  connections  for  house  drainage,  carrying 
them  to  the  curb  line  of  the  street  in  front  of  each  house  lot, 
and  charging  the  cost  of  the  same  into  the  cost  of  the  sewer, 
the  objecf  being  to  prevent  the  digging  up  of  the  paved  surlace 
of  the  street  after  it  is  once  finished.  No  objections  have  been 
made  by  property  owners,  but  on  the  contrary  the  plan  has 
met  with  general  commendation.  In  addition  to  these  sewers 
constructed  there  have  been  preliminary  surveys,  reports  and 
estimates  made  for  a  sewerage  system  for  Litchfield,  a  sewerage 
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system  for  Bristol,  and  a  sewerage  system  for  Southington,  the 
disposal  of  the  sewage  in  all  of  these  cases  being  by  irrigation. 

In  water  works  there  have  been  constmcted  at  Lakeville,  a 
masonry  dam  90  feet  long  and  13  feet  in  height,  4,180  feet  of 
main  pipe  6  inches  in  diamater,  and  9,020  feet  of  street  lines 
of  4  and  6  inch,  leaving  2,600  feet  of  2  inch  to  be  put  in  in 
the  spring,  the  total  cost  being  about  $13,000.  At  New  London, 
a  high  service  system  of  water  supply  has  been  completed  con- 
sisting of  a  wrougt  iron  tank  and  tower  with  water  motor  and 
pump,  the  cost  being  about  $22,000.  At  Litchfield,  the  water 
works  commenced  in  1889  have  been  completed.  At  Stamford, 
the  rebuilding  of  the  main  reservoir  dam  and  the  construction 
of  a  new  gate  house  for  the  same,  have  been  completed.  At 
Bridgeport,  one  of  the  principal  dams  of  the  Bridgeport  Water 
Company,  has  been  raised  some  three  feet.  At  Shelton,  the 
construction  of  a  new  reservoir  for  the  Shelton  water  works 
has  been  undertaken.  At  Birmingham,  a  large  amount  of 
work  has  been  done  upon  the  opening  of  a  water  power  canal 
upon  the  west  bank  of  the  Housatonic  river.  At  Winsted,  a 
small  masonry  dam  for  power  purposes  has  been  constructed, 
and  at  New  Haven  the  large  dam  of  the  New  Haven  Water 
Company,  begun  the  year  before,  has  been  completed. 

In  addition  to  these  constructed  works,  surveys,  reports  and 
estimates  have  been  m^de  for  an  increased  supply  for  the  city 
of  Meriden,  for  systems  of  water  works  for  the  towns  of  New 
Hartford  and  Terryville,  for  a  new  storage  reservoir  for  the 
town  of  Naugatuck,  for  a  new  storage  reservoir  for  the  city  of 
Bridgeport,  and  for  an  increased  supply  and  the  improvement 
of  the  water  powers  of  the  borough  of  Winsted ;  and,  also,  for 
the  the  location  of  a  dam  near  Waterbury. 

In  railroads  the  chief  constructive  work  has  been  upon  the 
New  York,  New  Haven  &  Hartford  Railroad  Upon*  this  road 
27  grade  crossings  have  been  eliminated,  23.82  il^cs  of  second 
track  upon  the  Shore  Line  division  completecfe  cctostruction 
carried  on  upon  14  miles  of  additional  second  track  on  the 
same  division,  and  upon  10  miles  of  four  track  work  upon  the 
main  line.    Also  a  large  amount  of  work  in  the  -laying  of 
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additional  tracks  in  yards,  the  building  of  an  engine  house  of 
34  stalls,  and  a  machine  shop  55  feet  by  200  feet  with  boiler 
house.  The  total  amount  expended  by  this  road  for  actual 
construction  and  land  for  the  nine  months  previous  to  June 
30,  1890,  was  $1,236,000. 

During  the  year,  also,  surveys  and  estimates  have  been 
made  for  91  miles  of  new  lines,  so  far  as  reported,  of  which 
45  miles  was  a  re- survey  of  that  old  friend  of  the  public, 
known  as  the  Parallel  road,  some  six  miles,  a  new  line 
around  the  city  of  Bridgeport,  by  the  N.  Y.,  N.  II.  &  11.  R. 
R.,  and  some  six  or  seven  miles  for  an  extension  of  the  She- 
paug  K.  K.,  from  Litchfield  to  Torrington.  Eighteen  miles 
of  electric  railway  have  also  been  surveyed. 

Of  other  miscellaneous  works,  some  16,200  square  feet  of 
block  paving  have  been  laid  at  Waterbury,  and  a  consider- 
able amount  at  Birmingham,  some  two  miles  of  macadam  road 
completed  by  the  town  of  Stratford,  and  a  third  mile  under 
construction,  some  two  miles  by  the  village  of  Southport, 
about  a  mile  by  the  town  of  Newtown,  and  considerable 
amount  by  Bridgeport,  Stamford,  Norwalk  and  Greenwich, 
and  also  Thompsonville,  the  exact  amount  of  which  I  can  not 
give.  There  have  also  been  reported  some  five  miles  of  curb 
and  gutter. 

This  brief  survey  of  the  years'  work,  although  so  very 
incomplete,  brings  into  prominence  one  gratifying  fact,  viz.: 
the  awakening  of  the  smaller  towns  and  villages  to  the  neces- 
sity and  the  value  of  public  improvements,  thus,  during  the 
last  ten  years  large  numbers  of  the  smaller  villages  in  our 
State  have  constructed  water  works,  and  in  many  cases  sew- 
erage systems,  and  replaced  their  old  wooden  bridges  with 
handsome  and  substantial  structures  of  iron,  and  within  the 
last  two  or  three  years  the  value  of  good  roads  has  become 
impressed  upon  Uie  public  mind  and  is  now  bearing  fruit  in 
the  construction  of  macadam  and  rolled  gravel  roads  in  many 
of  our  towns  and  villages  and  the  less  frequented  streets  of 
our  cities  and  of  the  more  substantial  block  pavement  where 
heavier  traffic  occur  . 
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In  all  of  these  works  the  value  and  the  necessity  of  the 
services  of  the  Civil  Engineer  becomes  apparent,  and  we  may 
confidently  hope,  that  as  the  material  progress  of  our  State 
increases  and  the  interest  in  the  practical  work  of  the  engi- 
neer becomes  greater,  as  it  necessarily  must,  the  demand  for 
his  services  will  increase  in  a  proportionate  ratio. 

At  a  meeting  like  the  present,  it  becomes  the  privilege,  as 
well  as  the  duty  of  your  presiding  officer,  to  make  such  sug- 
gestions as  may  seem  to  him  pertinent  for  advancing  the 
interests  of  the  Association  and  the  attainment  of  its  objects. 
We  are  associated  together  for  a  common  cause  and  a  com- 
mon object,  viz.:  The  improvement  of  ourselves  in  the 
knowledge  and  the  practice  of  all  that  pertains  to  the  com- 
prehensive Science  of  Engineering,  and,  although  we  have 
accomplished  much  in  the  seven  years  since  our  organization, 
yet  with  the  hearty  cooperation  of  all  the  members,  in  attend- 
ance at  the  meetings,  in  the  preparation  and  reading  of  papers 
and  in  their  intelligent  discussion,  much  more  can  be  done,  and 
the  knowledge  thus  gained  will  accrue  to  the  benefit  of  every 
member  of  the  Association.  Every  one  can  do  something. 
If  he  can  not  be  present  at  the  meetings  he  can  send  in 
papers  and  items  of  interest  to  be  read  by  the  Secretary  or 
some  other  member,  and  if  he  can  not  spare  the  time,  neces- 
sary to  prepare  a  paper,  he  can  at  least  come  prepared  to 
intelligently  discuss  such  papers  as  are  presented,  and  very 
often  can  shed  needed  light  from  his  own  experience  upon 
some  vexatious  problem  which  has  sorely  puzzled  some 
brother  member.  But  I  would  most  strenuously  urge  upon  all 
the  duty  that  they  owe  to  the  Association  in  the  preparation 
of  papers,  and  also,  I  may  say  the  duty  that  they  owe  to 
themselves,  for,  although  the  paper  may  be  of  great  interest 
and  benefit  to  other  members  yet,  unquestionably  its  prepar- 
ation is  of  the  greatest  benefit  to  the  member  himself,  for  the 
research,  the  collation  of  facts,  and  the  deductions  from  his 
own  and  others  experience  required  in  the  preparation  of  a 
paper,  enables  the  author  to  obtain  a  comprehensive  grasp  of 
the  subject,  which  he  can  obtain  in  no  other  manner.    So  do 
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not  be  diffident  gentlemen,  do  not  think  that  yon  have  not 
the  time  or  the  ability  to  prepare  a  paper,  or  that  yon  have 
nothing  to  tell,  and  above  all,  do  not  wait  for  a  special  invi- 
tation or  request  from  the  President  or  Secretary,  but  send  in 
the  papers.  An  association  like  ours  can  not  live  upon  what 
it  has  once  done,  it  most  be  ever  doing,  ever  striving  for  the 
better  attainment  of  its  objects,  ever  seeking  after  knowledge 
and  tmth,  and  this  can  be  accomplished  in  no  other  manner 
than  by  the  hearty  and  active  cooperation  of  every  member. 
The  old  familiar  maxim  '*  Eternal'  Vigilance  is  the  Price  of 
Liberty,"  might  be  written  with  regard  to  our  and  kindred 
Associations,  '^  Eternal  Action  is  the  Price  of  Existence." 

Following  oat  the  lines  of  what  has  just  been  said,  I  would 
recommend  that  a  circular  letter,  calling  attention  to  the 
necessity  for  the  preparation  of  papers  and  an  invitation  to 
prepare  such  papers  be  placed  in  each  Report  of  the  Pro- 
ceedings sent  to  a  member.  I  would  also  recommend  that 
the  Special  Conmiittees  upon  Engineering  subjects  which  have 
been  in  existence  for  the  past  two  years  be  continued,  or  at 
your  discretion  be  made  Standing  Committee,  and  that  the 
members  be  requested  to  avail  themselves  more  fully  of  the 
services  of  these  committees  by  sending  in  questions.  1 
would  also  continue  the  recommendation  of  President  Bunco 
in  his  last  annual  address  and  call  attention  to  the  vote  of  the 
Association  at  the  last  Annual  Meeting,  in  regard  to  the  col- 
lection of  statistics  of  the  Engineering  work  of  the  State,  to 
be  embodied  in  the  Annual  Address. 

I  would  also  call  the  attention  of  the  members  of  the  Asso- 
ciation to  the  subject  of  more  frequent  meetings.  With  an 
Active  membership  of  about  ninety  and  the  excellent  facilities 
that  our  State  possesses  for  quickly  reaching  almost  any  por- 
tion of  it,  it  would  seem  that  a  sufficient  attendance  could  be 
assured  to  render  profitable  the  holding  of  at  least  four 
meetings  a  year,  and  I  can  not  but  think  that  they  would 
contribute  to  the  prosperity  and  welfare  of  the  Association, 
both  in  the  social  and  educational  aspects.  I  will  leave  the 
matter  with  you  for  such  action  as  you  may  deem  advisable. 
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Before  closing  these  several  recommendations  there  is  one 
other  matter  to  which  it  seems  best  to  briefly  refer,  and  that 
*is  the  exchange  of  blue  prints  among  the  members,  which  I 
regret  to  say  seems  to  be  falling  into  disuse. 

By  the  active  exertions  of  a  number  of  our  members  this 
had  become  an  important  and  valuable  feature  of  our  work, 
and  I  sincerely  hope  that  it  may  be  speedily  revived. 

During  the  past  year  we  have  been  called  upon  to  mourn 
the  death  of  another  of  our  members,  President  Weld  of 
Waterbury. 

Mr.  Weld  was  one  of  the  original  members  of  the  Asso- 
ciation, in  which  he  took  a  great  interest  and  was  most  active, 
having  contributed  a  number  of  papers,  served  upon  various 
committees,  and  held  the  offices  of  President,  First  and  Sec- 
ond Vice-President,  and  Assistant  Secretary. 

As  an  engineer,  he  had  had  a  varied  and  valuable  expe- 
rience and  hud  attained  to  a  prominent  place  in  his  profes- 
sion ;  and  as  a  man,  he  was  respected  and  beloved  by  us  all. 

In  his  death  we  cannot  but  feel  that  our  Association  has 
lost  a  valued  adviser  and  counsellor,  and  we,  as  individual 
members,  a  genial  associate  and  a  true  and  valued  friend. 
Stricken  down  in  the  best  years  of  his  life  by  that  dread  dis- 
ease, typhoid  fever,  he  was  a  martyr  in  the  cause  of  sanitary 
science,  for  the  advancement  of  which  he  was  ever  laboring. 
May  each  of  us,  at  our  departure,  leave  behind  us  as  good  a 
record  as  our  late  President. 

Before  bringing  this  rather  fragmentary  address  to  a  close, 
I  would  like  to  present  a  few  thoughts  which  have  occurred 
to  me  and  which  may  be  of  interest  to  some  of  you. 

As  we  gather  once  more  at  our  annual  meeting,  it  seems 
fitting  that  we  should  lay  aside  the  burdens  and  cares  of  our 
busy  and  practical  life  and  take  a  glance  backward  in  retro- 
spect over  the  path  that  we  and  our  immediate  predecessors 
have  come.  Nine  years  hence  the  nineteenth  century  will 
have  run  its  course  and  be  buried  with  the  past,  and  as  we 
stand  and  look  upon  what  has  been  accomplished  in  the 
direction  of  material  progress  in  the  ninety  years  of  its  exist- 
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ence,  it  indeed,  seems  as  though  we  were  living  in  the  age  of 
miracles. 

Ninety  years  ago,  the  steam  engine,  that  great  revolution- 
izer,  was  yet  in  its  infancy ;  the  steamship,  the  railroad,  the 
telegraph,  the  telephone,  the  electric  light,  and  the  thousand 
and  one  familiar  inventions  and  appliances  that  contribute  so 
greatly  to  our  comfort  and  well  being  were  almost  unthought 
of,  and  many  of  them  undreamed  of.  And,  though  the  field 
is  so  broad  that  we  cannot  hope  to  touch  it  in  the  short  time 
at  our  disposal,  yet,  if  we  restrict  ourselves  to  our  own  coun- 
try, how  great  has  been  the  change.  Starting  with  the 
beginning  of  the  century,  when  the  lone  hunter  and  trapper, 
pursuing  his  way  through  the  pathless  wilderness,  his  only 
companion  his  rifle,  was  the  pioneer  and  the  herald  of  pro- 
gress, we  have  successively  witnessed  the  emigrant  wagon, 
toiling  slowly  over  almost  impassable  trails.  Then,  as  the 
country  became  settled,  and  population  increased,  we  saw 
great  canals  constructed,  uniting  the  great  lakes  and  the  sea- 
board and  penetrating  far  into  the  interior,  and  well  and  sub- 
stantially built  turnpikes,  and,  finally,  upon  the  invention  and 
perfection  of  the  locomotive  engine,  the  construction  of  rail- 
roads throughout  every  part  of  our  country,  until  now  the 
civil  engineer  has  become  the  pioneer,  pushing  his  lines  in 
every  direction,  following  up  the  courses  of  rivers,  seeking 
out  the  lowest  passes  through  the  mountains,  winding  up  and 
down  over  the  hills,  cutting  a  narrow  path  along  the  face  of  a 
rocky  cliff,  perhaps  a  thousand  feet  in  height,  and  tunnelling 
mountains  miles  in  length,  ever  following  his  motto :  "  Viam 
aut  invenire  aut  facere."  Either  to  find  a  way  or  to  make 
one.  Allied  to  all  of  this  progress  in  the  means  of  transpor- 
tation and  communication  is  the  telegraph  and  telephone,  the 
steamboat  and  steamship,  the  wonderful  development  in  every 
department  of  mechanics  and  machinery,  and  the  great  and 
important  part  that  that  subtle  and  elusive  fluid,  elictricity, 
has  come  to  play  in  our  everyday  life. 

To  us  these  things  have  grown  so  familiar  that  we  think 
little  of  them.    Inventions  and  discoveries  follow  each  other 
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in  saoh  rapid  snooession  that  tbej  excite  bat  little  snrprise 
and  less  wonder,  but  to  an  inhabitant  of  onr  conntrj  in  the 
last  century,  could  he  revisit  the  scene  of  his  earthly  life,  the 
woild  would,  indeed,  appear  strange. 

In  all  of  this  progress  and  development  the  engineer  has 
occupied  a  foremost  and  important  place,  and  though  his 
knowledge  and  skill  have  not  always  received  the  recognition 
that  they  merited  and  deserved,  I  regret  to  say,  yet  the  time 
has  now  come  when  I  believe  that  an  interest  in  the  practical 
science  of  engineering  is  steadily  increasing  and  the  value  of 
such  science  and  knowledge  in  the  carrying  out  of  the  mate- 
rial progress  of  the  age  is  being  more  and  more  recognized. 

Sir  Joseph  Bramwell,  in  an  address  before  the  British 
Association  of  Science,  a  few  years  ago,  delivered  what  may 
be  called  the  eulogy  of  the  engineer,  and  drew  attention  to 
the  fact  of  the  commercial  value  of  their  attainments  and  of 
the  influence  upon  their  age  of  such  men  as  Stephenson, 
Watt  and  Brunei,  and  the  part  that  their  science  and  skill 
played  in  the  material  progress  of  the  day,  as  contrasted  with 
the  almost  useless  experiments  and  discoveries  of  such  a  man 
as  Prof.  Farady.  And,  although  we  acknowledge  that  mate- 
rial progress  is  not  all  of  life,  that  there  is  something  higher 
and  beyond,  yet  without  such  material  progress  the  higher 
facts  and  duties  of  existence  fail  to  be  appreciated,  for  a  dis- 
tinguished writer  and  scholar  has  well  said :  '^That  there  is 
not  an  improvement  in  machinery,  in  transportation,  in  archi- 
tecture, in  agriculture  or  in  any  of  the  varied  industries,  but 
has  helped  and  reinforced  in  some  degree  the  moral  status  of 
mankind.  Take,  for  instance,  the  triumph  of  engineering 
seen  in  the  Brooklyn  Bridge  and  the  simple  accommodation 
that  it  affords  to  a  great  population  is  an  important  factor  in 
their  welfare." 

Considering  the  engineer  in  this  hght,  he  may  be  said  to  be 
the  pioneer  along  the  lines  of  pure  science  and  of  the  spirit- 
ual advancement  of  man,  as  he  is  the  pioneer  in  civilization, 
preparing  the  way  in  the  one  case  by  his  gathering  of  factH 
and  observation  of  phenomena  for  the  more  abstract  theories 
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and  Bpecnlations  of  the  man  of  pore  science,  and  in  the  other 
by  his  railroads,  canals  and  machinery  for  the  introduction  of 
industry  in  all  its  yaried  aspects  and  the  gradual  leading  up 
from  these  to  the  higher  education,  refinement  and  spiritual 
welfare  of  man. 

In  this  attitude  of  the  engineer,  as  the  pioneer  of  science 
and  knowledge,  he  should  be  receptive  to  auy  and  every 
truth,  he  should  see  without  bias  or  prejudice.  He  should 
learn  to  use  his  knowledge  for  its  best  and  most  legitimate 
purposes,  and  pretend  to  no  knowledge  that  is  not  verified  by 
facts  and  experience.  He  should  "prove  all  things,"  and 
simply  seek  to  get  the  truth  and  abide  its  possession. 

W.  B.  PALMER, 
Pre^idenL 

Upon  motion  of  Mr.  Bunce,  it  was  voted  to  continue  the 
various  committes  upon  engineering  work,  and  President 
Augur  has  appointed  the  following  as  such  committees: 

FIELD  WORK. 

C.  E.  Chandler,         A.  J.  Patton,  W.  E.  Johnson. 

SEWERAGE. 

C.  H.  Bunco,  H.  L.  Davis,  Jas.  B.  Rider. 

WATER  WORKS. 

W.  B.  Rider,  T.  H.  McKenzie,       W.  H.  Richards. 

RAILROADS. 

W.  B.  Palmer,  W.  G.  Smith,         W.  H.  Olmstead. 

ROADS  AND  ROAD-MAKING. 

J.  K.  Wilkes,  W.  B.  Cochrane.       W.  S.  Clark. 

MASONRY. 

S.  C.  Pierson,  J.  M.  Wheeler,  R.  S.  Hurlburt. 

LAW. 

F.  W.  Whitlock,        A.  R.  Wadswortb,     D.  S.  Brinsmade. 
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The  meeting  then  adjourned  to  ^^ Merrill's"  for  dinner, 
after  which,  at  2  p.  m.,  it  was  again  called  to  order  and,  upon 
motion  of  Mr.  Bnnce,  it  was  voted  to  take  the  report  of  the 
Special  Committee  on  Dams  Legislation  from  the  table. 

Mr.  MoKenzie,  for  the  committee,  then  said  that  he  be- 
lieved that  the  report  embodied  the  ideas  of  the  majority  of 
the  members  who  had  expressed  themselves  on  the  subject, 
but  that  without  a  copy  of  the  old  law  he  could  not  tell  just 
what  changes  were  made. 

Mr.  Bishop:  Why  is  this  report,  in  the  form  of  a  ''bill," 
before  this  meeting? 

Upon  request,  the  Secretary  then  read  the  original  motion, 
passed  at  the  meeting  held  in  New  Haven  in  1889,  and  ex- 
plained that  the  committee  had  asked  for  an  expression  of 
opinion,  by  the  members,  on  the  subject  of  amending  the 
present  law,  but  had  been  unable  to  make  any  regular  report 
upon  the  subject,  and  at  the  meeting  held  at  East  Berlin, 
November  29,  1890,  they  had  been  instructed  to  make  their 
report  at  the  annual  meeting  in  the  form  of  a  '^  legislative 
bill." 

Mr.  Bishop:  Then  it  is  proposed  that  this  Association 
shall  sanction  this  report  and  bill  and  present  it  to  the  Leg- 
islature. I  can  only  say  that  I  am  opposed  to  such  a  course 
from  beginning  to  end. 

Mr.  Augur :  We  do  not  wish  the  present  law  changed  in 
our  interest,  but  for  the  benefit  of  the  people  of  the  State  as  a 
whole. 

Mr.  Whitlock :  The  committee  and  many  of  the  members 
of  the  Association  desire  the  present  law  to  be  changed.  I 
think  we  are  all  in  favor  of  certain  changes,  such  as  separating 
the  State  Commission  of  Lispectors  of  Dams  from  the  Bailroad 
Commission ;  the  imposing  of  penalties  for  non-fulfillment  of 
the  terms  of  the  law;  and  the  addition  of  some  clause  requiring 
regular  inspection  of  existing  dams. 

Mr.  Fenton  then  moved  that  we  take  up  the  report,  section 
by  section.    Motion  seconded  by  Mr.  Augur. 
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Mr.  Bishop:    I  do  not  think  it  the  proper  policy  for  this. 
Association  to  present  bills  to  the  Legislature  nntil  asked  to 
do  so.    I  therefore  move  to  amend  by  laying  the  report  upon 
the  table.    Motion  seconded. 

Mr.  Whitlock:  It  seems  to  me  eminently  proper  for  us  to 
take  the  initiative,  in  a  case  where  oar  profession  is  affected, 
and  where  we  know  the  present  law  to  be  defective.  I  think 
if  we  want  changes  in  the  law  we  should  ask  for  them. 

Mr.  Bishop:  This  Association  was  not  formed  to  recom- 
mend bills  to  the  Legislatore. 

Mr.  Fenton :  It  seems  to  me  rather  ridicnlons  for  ns  to  wait 
for  the  Legislature  to  tell  us  when  we  want  the  law  changed. 
It  is  the  province  of  this  Association  to  take  the  initiative  in 
whatever  relates  to  the  safety  of  life  and  property,  so  far  as  it 
is  affected  by  our  professional  work. 

The  motion  to  lay  on  the  table  was  lost,  and  it  was  then 
voted  to  take  up  the  report,  section  by  section. 

The  Secretary  then  read  each  section  and  it  was  discussed  as 
follows : 

DAMS  AND  EESERVOIRS. 
Report  of  the  Special  Committee  on  Dame  Legislation. 

PROPOSED  LAW. 

Section  1.  The  Governor  shall,  by  and  with  the  advice 
and  consent  of  the  Senate,  appoint  five  Civil  Engineers,  resi- 
dents of  this  State,  one  from  each  Congressional  District,  and 
one  at  large,  who  shall  constitute  a  State  Board  of  Civil 
Engineers,  and  have  the  supervision  of  all  dams  and  reservoirs 
now  existing  or  hereafter  constructed  in  any  locality  where,  by 
the  breaking  away  erf  the  same,  life  or  property  may  be  in 
danger  of  destruction. 

Mr.  Fenton :  Is  it  necessary  that  the  Governor's  appoint- 
ments receive  the  sanction  of  the  Senate  ? 

Mr.  Whitlock :  It  was  intended  to  place  this  commission  on 
a  par  with  all  the  others  in  the  State,  such  as  fish,  railroad,  and 
insurance  which  are  so  appointed. 
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Mr.  Bider:  I  move  to  amend  by  adding  after  the  word 
"reservoirs,"  in  the  fifth  line,  the  words  "  or  any  canal  or  flume 
conveying  water  to  mills  or  any  power  purposes."  There  are 
many  of  these  in  the  State  which  cause  as  much  damage  and 
annoyance  and  are  as  dangerous  as  any  of  the  dams.  Motion 
seconded  and  voted  upon,  and  the  section  was  so  amended. 

Mr.  Bishop:  I  move  to  amend  by  striking  out  the  words 
"  one  from  each  Congressional  District,"  and  by  substituting 
"  three  "  for  "  five  "  in  the  number  of  members.  If  this  law  is 
to  be  affective  we  need  the  best  men  on  the  commission  the 
State  affords  without  regard  to  location  or  cost.  Three  mem- 
bers will  make  a  less  unweildy  board  to  work  with.  Motion 
seconded. 

Mr.  Fenton :  Although  I  can  see  reasons  for  Mr.  Bishop's 
amendment,  I  think  that  it  would  be  better  to  have  five,  and 
that  one  should  be  chosen  from  each  Congressional  District,  as 
in  the  report.    There  are  competent  men  in  each  district. 

Mr.  Olmstead :  There  are  167  towns  in  the  State  and  from 
5  to  25  dams  to  a  town.  This  would,  I  think,  throw  too  much 
work  upon  three  members. 

Mr.  Bishop :  My  idea  was  that  the  Governor  should  not  be 
restricted  as  to  location,  but  should  be  at  liberty  to  utilize  the 
best  men  of  the  State.  I  will  withdraw  the  "  three  "  part  of 
the  amendment. 

The  amendment  was  then  carried. 

Mr.  Chandler :  I  move  to  amend  by  adding,  after  the  word 
"  where,"  in  the  sixth  line,  the  words  "  in  the  opinion  of  said 
Board,  or  any  member  thereof." 

Jlr.  Whitlock :  I  like  that  motion,  because  the  report  leaves 
it  indefinite  as  to  who  sh^U  have  the  power  to  decide  what 
dams  come  within  the  provisions  of  the  law. 

Mr.  McKenzie :    I  second  the  motion. 

This  amendment  was  then  carried,  and  the  whole  section,  as 
amended,  was  then,  upon  motion,  adopted. 

Mr.  Fenton :  I  move  that  Section  2  be  adopted  as  it  stands. 
Motion  seconded  and  carried,  and  the  section  adopted  as  be- 
low. 
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Sec.  2.  The  members  of  said  Board  shall  be  sworn  to 
faithfully  and  impartially  perform  the  duties  imposed  npon 
them  by  this  chapter,  and  shall  continue  in  office  for  the  term 
of  four  years  and  until  others  are  appointed  in  their  places 
and  stead. 

They  shall  each  receive  $10  per  day  and  all  necessary  and 
reasonable  expenses  while  actually  employed  in  the  business  of 
their  office,  to  be  paid  as  hereinafter  provided. 

Sec.  3.  Said  Board  shall  organize  by  appointing  one  of 
their  number  as  Chairman,  and  a  Secretary.  It  shall  be  the 
duty  of  the  Secretary  to  keep  a  record  of  all  dams  and  reser- 
voirs inspected,  constructed,  altered  or  repaired,  under  the 
provisions  of  this  act,  with  a  description  and  location  of  the 
same. 

Each  member  of  said  Board  shall  furnish  the  Secretary  with 
a  full  report  of  his  doings  under  this  act. 

Said  Board  shall  make  a  full  report  of  their  doings  to  the 
Governor,  annually,  in  the  month  of  December. 

Mr.  Bunce :  I  think  that  there  should  be  some  provision  in 
Section  3  for  the  compensation  of  the  Secretary  of  the  board. 
His  duties  would  be  quite  onerous  and  there  should  be  some 
way  of  paying  him. 

Mr.  Fenton :  Section  2  provides  for  paying  the  necessary 
expenses  and,  I  think,  the  Secretary's  duties  would  be  covered 
by  that 

Mr.  McEenzie :  I  think  the  board  might  appoint  some  one 
who  would  do  the  necessary  work  for  less  than  $10  per  day. 

Mr.  Chandler :  I  think  a  large  part  of  the  Secretary's  duties 
could  be  done  for  less  than  $10  per  day,  but  I  think  Section  2 
covers  that  point. 

Mr.  Fenton  :  I  think  the  Secretary  should  be  an  Engineer 
of  considerable  ability  in  order  to  keep  a  proper  and  intelligi- 
ble record  of  the  work  of  the  board. 

Mr.  Whitlock :  The  committee  had  in  mind  the  reports  of 
the  Bhode  Island  Commissioner  of  Dams ;  some  of  those  which 
I  have  seen  have  in  them  plans  of  the  dams  inspected  and  re- 
ported on  by  him  as  well  as  written  descriptions.    These  plans 
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and  descriptions  are  carefully  made  and  could  only  be  made  by 
an  Engineer. 

Mr.  McKenzie :  I  move  to  amend  as  follows,  so  that  it  will 
read  :  "  Shall  organize  by  appointing  from  their  number  a 
Chairman  and  a  Secretary." 

Mr.  Bunce :    I  second  that  motion. 

The  amendment  was  then  put  to  vote  and  carried  and,  on 
motion,  the  section,  as  amended,  was  adopted.  Section  4  was 
then  adopted,  as  reported,  i.  «.,  as  follows : 

Sec.  4.  Every  dam  in  the  State,  the  failure  of  which  would 
endanger  life  or  property,  shall  be  inspected  by  some  member 
of  said  Board,  at  least  onco  in  three  years;  and  said  Board 
may  for  that  purpose  divide  the  State  into  districts  and  deter- 
mine who  of  their  members  shall  inspect  in  the  different  dis- 
tricts, and  if,  in  the  judgement  of  the  inspecting  engineer,  any 
existing  dam  shall  be  found  to  be  unsafe,  he  shall  proceed  in 
the  same  manner  as  provided  in  Section  5 ;  the  compensation 
and  expense  of  said  inspector  shall  be  approved  by  the  Board 
and  paid  by  the  State. 

Sec.  6.  The  Mayor  of  any  City,  the  Warden  of  any 
Borough,  or  the  Selectmen  of  any  Town,  upon  application  of 
two  or  more  persons  or  corporations  who  would  suffer  loss  or 
damage  by  the  breaking  away  of  any  dam  or  reservoir  within 
said  city,  borough  or  town,  shall  at  once  notify  one  or  more  of 
the  Board  of  Civil  Engineers  to  inspect  the  said  dam  or  reser- 
voirs with  them,  and  if,  in  the  judgment  of  the  said  Engineer, 
said  dam  or  reservoir  is  unsafe,  said  engineer  shall  determine 
whether  the  water  in  such  reservoir  shall  be  drawn  off  in 
whole  or  in  part,  and  what  alterations,  additions  or  repairs  are 
necessary  to  be  made,  and  shall  forthwith  in  writing  notify  the 
person  or  persons  owning  or  controlling  the  same,  to  place 
said  dam  or  reservoir  in  a  safe  and  permanent  condition,  under 
the  supervision  of  one  of  said  Board  of  Civil  Engineers,  and 
said  Engineer  may  order  the  water  to  be  drawn  off  in  whole  or 
in  part  as  he  may  determine,  and  when  such  repairs  are  com- 
pleted and  accepted  by  said  Civil  Engineer,  he  shall  issue  a 
certificate  to  said  owner  or  person  owning  or  controlling  the 
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same,  and  also  cause  to  be  recorded  npon  the  records  of  the 
town  or  towns  in  which  said  dam  is  located,  his  doings,  with  a 
copy  of  the  certificate  so  issued ;  and  said  dam  shall  not  be 
used  until  said  certificate  is  so  issned ;  bnt  if  said  Engineer  shall 
find  said  dam  or  reservoir  to  be  secure,  then  the  expense  of 
such  inspection  shall  be  paid  in  the  manner  provided  in 
Section  4. 

Any  owner  or  person  controlling  any  such  dam  or  reservoir 
who  shall  neglect  or  refuse  to  comply  with  the  provisions  of 
this  section,  or  who  shall  cause  or  permit  such  dam  or  reser- 
voir to  be  filled  with  water  above  the  point  designated  by  said 
Engineer  without  first  obtaining  said  certificate,  shall  forfeit  and 
pay  a  penalty  of  $500,  and  a  further  penalty  of  $100  for  each 
day  that  said  reservoir  shall  remain  so  filled. 

Mr.  Bunco:  I  move  to  amend  section  5,  by  inserting  after 
the  word  "Engineer,"  in  lines  seven  and  eight,  the  words  *'or 
Engineers."  This  will  have  effect  implied  in  the  words  "  one 
or  more"  in  line  five,  and  allow  of  more,  than  one  member  of 
the  Board  being  called  out  in  case  it  is  deemed  advisable. 
Amendment  seconded  and  carried. 

Mr.  Bider:  I  move  to  amend  this  section  by  inserting, 
after  the  word  "  condition  "  in  line  thirteen,  the  words  *'  within  a 
reasonable  time."  This  amendment  was  seconded,  and  being 
put  to  vote  was  declared  carried.  The  section,  as  amended, 
was  then  adopted. 

Sec.  6.  When  any  person  or  corporation  proposes  to  con- 
struct or  enlarge  a  dam  or  reservoir  in  a  locality  where  the  life 
or  property  of  any  other  person  may  be  endangered  through 
the  insufficiency  thereof^  the  plans  and  spedfieations  for  such 
dam  or  reservoir  shall  be  submitted  to  either  member  of  said 
Board  of  Civil  Engineers,  who  shall  examine  the  ground  where 
the  dam  or  reservoir  is  to  be  built,  and  the  plans  and  specifica- 
tions therefor,  and  if  he  approve  the  same  he  shall  issue  a 
certificate  authorizing  the  construction  or  enlargement  of  such 
dam  or  reservoir  under  the  supervision  and  inspection  of  one 
of  said  Board  of  Oivil  Engineers,  and  no  such  dam  or  reser- 
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voir  shall  be  constructed  or  enlarged  without  such  approval, 
certificate  and  inspection. 

Any  person  or  corporation  who  shall  commence  constructing 
or  enlarging  any  such  dam  or  reservoir  without  submitting 
plans  and  specifications  and  obtaining  the  certificates  herein 
provided  shall  forfeit  and  pay  a  penalty  of  $500,  and  a  further 
penalty  of  $100  for  each  day  that  work  shall  be  continued 
thereafter. 

Section  6  being  taken  up,  Mr.  Bishop  said:  "  I  do  not  see 
any  use  hereafter  for  any  hydraulic  engineers.  I  do  not  like 
to  see  our  younger  members  cut  off  from  the  chance  of  pre- 
paring plans  and  specifications  for  dams  and  constructing 
them.     I  think  the  law  the  most  unjust  one  ever  proposed. 

Mr.  Fenton :  It  seems  to  me  that  if  the  plans  and  specifi- 
cations must  be  submitted  to  the  Board,  that  whoever  gets 
them  up  should  have  the  right  to  go  on  and  construct. 

Mr.  Bunce :    I  don't  see  how  that  is  affected  at  all. 

Mr.  Chandler :  There  is  a  provision  in  the  present  law 
which  requires  the  submission  of  plans  and  specifications, 
and  there  is  no  objection  to  it. 

Mr.  Whitiock:  There  was  no  intention  in  drawing  up  this 
section' to  restrict  any  one  from  preparing  plans  and  specifica- 
tions and  constructing  work.  All  that  is  required  is  that  the 
plans  and  specifications  and  construction  shall  meet  the 
approval  of  the  Board  of  Engineers  appointed  by  the  State. 
This  feature  is  in  the  present  law.  It  is  intended  to  make  the 
supervision  by  this  Board  somewhat  similar  to  that  exercised 
by  the  Fire  Marshals  in  our  cities  over  the  plans  of  Archi- 
tects. 

Mr.  Loomis :  Does  not  this  section  imply  that  the  Board 
are  the  only  Engineers  competent  to  design  and  construct 
dams? 

Mr.  Bunce :    Not  unless  the  existing  law  does  so. 

Mr.  McEenzie:  It  is  not  intended  to  interfere  at  all  with 
the  work  of  any  member  of  the  profession  who  is  competent 
to  do  such  work.  It  is  intended  to  protect  the  people  from 
incompetency  and  ignorance. 
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Mr.  Bnnoe:  I  move  to  amend  by  striking  out  the  words 
'^supervision  and"  in  the  tenth  line. 

This  amendment  being  seconded  and  voted  upon,  was  car- 
ried. 

It  was  then  moved  to  amend  this  section  by  inserting  after 
the  first  paragraph  the  words :  ''  No  member  of  said  Board 
shall  officially  approve,  certify  to,  or  inspect  work  designed,  or 
to  be  constmcted  by  him." 

This  amendment  being  seconded,  was  carried,  and  the 
section  as  amended  adopted. 

Ssc.  7.  The  member  of  the  Board  of  Civil  Engineers  Hnder 
whose  authority  any  dam  or  reservoir  is  being  constmcted 
shall  cause  the  work  npon  the  same  to  be  thoroughly  inspected 
during  the  progress  as  often  as  he  shall  deem  it  necessary,  and 
if  he  shall  be  satisfied  that  such  dam  or  reservoir  has  been 
built  in  a  substantial  and  safe  manner,  and  in  accordance  with 
the  plans  and  specifications  approved  by  him,  and  is  strong 
and  secure,  he  shall  issue  a  certificate  approving  the  same, 
which  certificate  shall  be  recorded  in  the  office  of  the  Town 
Clerk  of  the  town  or  towns  in  which  such  dam  or  reservoir  is 
located. 

Said  Engineer  may,  at  his  discretion,  cause  the  dam  to  be 
tested  by  filling  the  reservoir  before  accepting  the  work  ;  and 
no  such  dam  or  reservoir  shall  be  used  except  as  such  test 
until  such  certificate  is  obtained  and  recorded. 

This  section,  after  considerable  discussion,  in  which  the 
defect  in  the  present  law,  upon  the  point  covered  by  this  sec- 
tion, and  the  need  of  a  law  which  would  insure,  as  much  as 
possible,  the  stopping  of  poor  work  was  forcibly  brought  out, 
was  adopted  as  reported  by  the  committee. 

Seg.  8.  The  member  of  the  Board  of  Civil  Engineers, 
under  whose  authority  any  dam  or  reservoir  is  being  con- 
structed, altered  or  repaired,  may,  if  in  his  opinion  the 
work  is  not  being  faithfully  done  in  accordance  with  the 
plans  and  specifications,  appoint  an  inspector  to  be  con- 
stantly engaged,  at  the  expense  of  the  owner  in  the  super- 


70 

vision  of  the  work ;  and  if  the  owner  or  agent  refuse  or  neg- 
lect to  adhere  to  said  plans  and  specifications,  or  hinder  or 
obstmot  said  inspector  in  the  performance  of  his  dnties,  said 
inspector  may  order  a  discontinuance  of  the  work,  and  the 
same  shall  not  be  continued  without  the  consent  and  approval 
of  the  said  Engineer. 

Any  owner  or  person  controlling  such  dam  or  reservoir 
who  shall  continue  work  upon  the  same  after  said  inspector 
shall  order  the  discontinuance  thereof,  shall  forfeit  and  pay 
a  penalty  of  $100  for  each  and  every  day  he  shall  continue 
such  work  in  violation  of  said  order. 

After  a  discussion,  which  brought  out  the  advantages  to  be 
gained  by  the  parties  building  or  owning  dams  from  the 
provisions  of  this  section,  and  also  by  the  Engineers  design- 
ing and  constructing  them,  Section  8  was  adopted  as  reported. 

Sec.  9.  The  compensation  and  expense  of  the  Board  of 
Civil  Engineers,  or  any  one  of  them,  when  acting  under  the 
provisions  of  the  four  preceding  sections,  shall  be  paid  by 
the  person  or  corporation  owning,  enlarging  or  constructmg 
the  dam  or  reservoir,  except  as  therein  provided. 

Section  9  was,  on  motion,  adopted  without  alteration,  after 
considerable  discussion  as  to  whether  the  State  should  bear 
all  the  expenses  necessary  to  the  proper  carrying  out  of  the 
law. 

Seo.  10.  Any  person  or  corporation  interested  and  feeling 
aggrieved  by  the  action  of  any  of  said  Engineers,  may  appeal 
to  the  Board,  upon  giving  satisfactory  security  for  the  payment 
of  the  costs  and  expenses  of  said  appeal.  And  the  decision  of 
a  majority  of  said  Board  shall  be  final. 

This  section  was  amended  upon  Mr.  Chandler's  motion  by 
adding  to  it  the  words:  ^'  If  said  appeal  shall  be  sustained 
by  the  said  Board  the  expenses  of  said  appeal  shall  be  borne 
by  the  State ;  otherwise  by  the  appellant." 

Seo.  11.  The  State  Attorneys  for  the  several  counties  shall 
prosecute  for  all  penalties  incurred  for  any  violation  of  this  act 
within  their  respective  counties,  and  upon  application  of  any 
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member  of  the  Board  shall  procure  an  injunction  against  the 
owner  or  persons  having  control  of  any  such  dam  or  reservoir, 
to  restrain  them  from  proceeding  with  any  work  upon  such 
dam  or  reservoir  and  from  doing  any  other  act  in  violation  of 
Uie  provisions  of  this  act. 

Sections  1 1  and  12  were  then  adopted  without  alterations. 

Seo.  12.  The  Superior  Court  shall  have  jurisdiction  in  all 
actions  brought  to  recover  any  penalty  incurred  under  this  act, 
and  to  render  all  judgements  necessary  to  carry  into  effect  its 
provisions. 

Upon  motion,  the  following  sections  were  added:  Section 
13.  All  penalties  or  forfeitures  imposed  under  the  sections  of 
this  chapter  shall  be  paid  into  the  treasury  of  the  State. 

Section  14.  All  acts  or  parts  of  acts,  inconsistent  with  the 
provisions  of  this  act,  are  hereby  repealed.  It  was  then  voted 
that  the  report,  as  amended,  be  accepted. 

Upon  motion,  the  report,  as  amended,  was  referred  back 
to  the  ori^al  committee  and  they,  with  Mr.  Bunco,  were 
appointed  "a  committee  to  put  it  in  proper  form  for  presen- 
tation to  the  Legislature  and  to  present  it  and  appear  in  its 
behali" 

Upon  motion,  the  Secretary  was  instructed  to  inform  the 
proper  officers  of  the  New  England  Water  Works  Association 
that  this  Association  had  appointed  a  committee  to  assist,  as 
much  as  lay  in  their  power,  in  arranging  for  the  convention, 
to  be  held  in  Hartford  in  June,  next.  It  was  moved  ^^that  the 
new  queries  on  engineering  subjects  received  at  this  meeting 
be  referred  to  the  proper  committees." 

It  was  also  moved  '*  that  the  papers  and  reports  of  com- 
mittees presented  at  this  meeting  be  printed  in  the  report  of 
the  meeting  and  be  formally  presented. 

Upon  motion,  the  Secretary  was  instructed  to  send  to  each 
member  a  copy  of  the  Beport  of  the  Committee  upon  the 
revidon  of  the  Constitution  and  By-laws  at  least  ten  days 
before  the  next  meeting,  and  that  this  subject  be  a  special 
feature  of  that  meeting. 
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President  Palmer  then  introduced  President-Elect  Augnr, 
who  said :  Personally,  I  would  have  preferred  that  some 
other  person  should  fill  the  Chair  of  President  this  year,  for 
I  shall,  perhaps,  have  to  rely  more  upon  the  assistance  of  the 
members  than  some  of  my  predecessors  have  done.  I  thank 
you  sincerely  for  the  honor  you  have  done  me,  and  shall  use 
my  utmost  endeavor  to  further  the  interests  of  the  Association. 

The  meeting  then  adjourned,  subject  to  the  call  of  the 
Execntiye  Committee. 

Following  are  the  papers  presented  at  this  meeting,  but  for 
lack  of  time  not  read,  the  report  of  the  Committee  on  Revision 
of  the  Constitution  and  By-Laws  being  omitted,  it  having 
been  sent  to  the  members  upon  seperate  sheets. 

The  reply  of  the  Committee  on  Field-work  not  having  been 
received  is  also  omitted. 

WORCESTER'S  METHOD  OF  SEWAGE  DISPOSAL. 

F.  W.  WHirLOOK. 

Mr.  Preindent^  and  Fellow  Members  of  the  Connecticut 
Association  of  Civil  Engineers  and  Surveyors  : 
The  writer  trusts  that  you  will  pardon  the  many  deficiencies 
of  this  paper,  remembering  that  it  was  originally  written  as  a 
report  to  the  Board  of  Sewer  Commissioners  of  the  city  of 
Waterbury,  and  not  designed  as  either  a  scientific  or  detailed 
description,  it  having  been  impossible  to  obtain  very  many 
details  of  construction,  which,  it  is  supposed,  were  reserved 
for  an  article  which  appeared  in  the  engineering  press  at 
about  the  time  that  this  paper  was  written.  It  is  presented 
at  this  time  with  the  hope  of  bringing  out  some  discussion 
upon  a  subject  that  the  writer  believes  to  be  one  of  the  most 
important  of  the  present  day  and  which  wiU  grow  in  import- 
ance for  some  years  to  come.  The  original  paper  is  meant 
simply  as  a  report  of  what  the  writer  saw  and  heard. 
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To  the  Honorable^  the  Board  of  Sewer  Commissioners  of 
the  City  of  Waterbury. 

Gentlemen  : — ^In  accordance  with  instructions  received  from 
your  Honorable  Board,  I  attended  the  meeting  of  the  Massa- 
chnsetts  Association  of  Boards  of  Health,  held  in  Worcester 
on  October  15.  The  programme  at  the  meeting  consisted  of 
a  visit  to  the  "Sewage  Disposal  Works"  of  the  city  of 
Worcester,  and  a  paper  upon  the  subject  of  "  Sewage  Dis- 
posal "by  Prot  Kinnicut  of  the  Worcester  Free  Institute,  and 
a  discussion  of  this  last. 

Without  attempting  to  draw  any  conclusions  upon  the  sub- 
ject of  what  is  the  best  method  of  Sewage  Disposal,  I  will 
give  a  short  description  of  the  Disposal  Works  of  Worcester 
and  the  reason  for  their  being. 

Some  few  years  ago  Worcester  was  forced,  by  the  com- 
plaints of  those  living  below  the  ciiy,  on  the  Blackstone  river 
of  the  damage  io  them  as  manufacturers ;  and,  also,  of  the 
danger  to  health,  caused  by  Worcester's  emptying  its  sewage 
into  that  stream,  to  adopt  some  plan  by  which  some  relief 
might  be  obtained  from  the  pollution  of  that  river.  After  a 
thorough  investigation  of  the  subject  by  the  city,  which  in- 
cluded a  careful  examination  of  the  various  works  for  Sewage 
Disposal  in  this  country  and  of  their  workings,  and  a  visit  to 
Europe  by  their  City  Engineer,  Mr.  C.  A.  Allen,  for  the  same 
purpose,  Worcester  finaUy  decided,  upon  Mr.  Allen's  report 
and  recommendation,  to  adopt  what  is  known  as  "  The  Pre- 
cipitation Method  "  of  disposing  of  their  sewage,  or  rather  its 
purification.  By  "The  Precipitation  Method**  is  meant  a 
method  of  treating  sewage  by  means  of  a  chemical  process, 
so  that  the  impurities  contained  in  it  will  be  so  altered  that 
they  are  deposited  as  solid  matter  in  receptacles  properly 
prepared  for  the  purpose,  leaving  the  major  part,  or  water,  to 
return  in  a  more  or  less  pure  condition  to  the  stream,  and  at 
all  events  in  such  a  state  as  not  to  be  dangerous  to  health  or 
damaging,  as  far  as  ordinary  uses  are  concerned,  to  the  stream 
into  which  it  flows. 
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Owing  to  certain  local  causes,  prominent  among  which  are 
the  character  of  the  sewage  of  Worcester,  and  the  sewerage 
system  of  that  city,  this  was  not  an  easy  task  to  perform. 

The  sewage  of  Worcester  is  somewhat  similar  to  oar  own, 
in  that  it  contains  a  large  proportion  of  the  acids  used  in  the 
yarious  mannfactoring  processes  of  the  city. 

One  of  Worcester's  chief  industries  is  the  iron  business  in 
its  various  branches.  I  ought  to  modify  this  statement  for  the 
sewage  of  Waterbury  has,  I  believe,  very  little  of  these  acids 
in  its  composition;  they  are,  however,  poured  into  the  Naoga- 
tuck  river  as  '^  factory-wastes,"  at  or  near  the  same  point,  as  the 
discharge  from  our  sewers,  so  that  the  resulting  compound,  a 
few  hundred  feet  below  the  city  limits,  is  very  much  die  same 
as  was  the  water  of  the  Blackstone  river  below  Worcester, 
although  not  so  bad. 

The  Sewerage  System  of  Worcester  in  itself,  for  it  is  the 
^^  Combined  System"  which  carries  domestic  sewage,  fSEtctoiy 
wastes  and  all  storm  water,  was  an  important  factor  in  the 
problem  because  of  the  large  amount  of  sewage  to  be  taken 
care  of. 

Worcester's  main  sewer  is  Mill  Brook  a  stream  two-thirds  as 
large  as  Mad  river,  which  runs  through  the  heart  of  the  dty 
and  takes  all  its  storm  water  as  well  as  its  sewage. 

It  is  now  proposed  to  build  *^ Intercepting  Sewers"  which 
will  take  the  sewage  alone  and  deliver  that  at  the  ^^  Disposal 
Works,"  leaving  the  storm  water  to  be  carried  by  "Mill  Brook, 
as  heretofore.  At  present  a  portion  of  the  whole  amount  of 
the  city's  sewage  equal  to  what  will  be  discharged  by  the  Inter- 
cepting Sewers,  is  diverted  from  the  main  sewer  and  carried  by 
a  42-inch  sewer  to  the  Disposal  Works  about  two  miles  below 
the  city.  This  is  from  three  to  four  million  gaUons  daily.  The 
site  of  the  Disposal  works  is  a  spot  somewhat  higher  than  the 
land  between  it  and  the  Blackstone  river. 

The  accompanying  sketch  shows  the  arrangement  of  the 
plant  at  the  ^'  Disposal  Works:" 
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A  k  the  42-iiich  sewer  from  the  city  delivering  the  sewage 
into  the  doable  chamber  B  through  screens  which  stop  the 
coarser  matters  in  it  from  going  into  the  settling  basins.  From 
B,  also,  a  small  portion  of  the  sewage  is  pumped,  by  means  of 
a  steam  pump,  located  in  the  building  H,  into  the  four  vats 
C  C  C  CS,  where  it  is  mixed;  in  two  of  the  vats  with  finely 
powdered  lime  and  in  the  other  two  with  sulphate  of  alumina. 
This  mixing  is  done  by  a  machine  very  similar  to  the  ordinary 
cement  mixer,  or  ^'  pug  mill."  After  mixing,  the  compounds 
of  sewage  and  Hme  and  sewage  and  sulphate  of  alumina  are 
returned,  by  the  pipes  D  D,  to  the  main  body  of  the  sewage  in 
the  channel  E  where,  by  means  of  the  wings  F  F  F  F  F,  it  is 
thoroughly  mixed  with  the  sewage.  This  mixing  is  necessary 
to  cause  the  precipitation  of  the  harmful  parts  of  the  sewage. 

After  passing  the  wings  F  F  F  F  F  in  the  channel  £  the 
sewage^  now  thoroughly  mixed  with  the  predpitants,  is  deliv- 
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erod  by  that  channel  to  any  or  all  of  the  settling  tanks  1, 2,  3, 
4,  5,  6 ;  the  channels  E  and  E  and  the  tanks  1,  2,  3,  4,  5,  6 
being  so  arranged  that  by  means  of  gates  and  flash-boards  the 
sewage  may  be  passed  from  one  to  another  or  shot  off  from  any 
one  as  required. 

From  tank  6  the  sewage,  or  as  it  is  now  termed,  the  ^^  efflu- 
ent,*' the  precipitation  having  taken  place,  passes  into  G,  where 
it  falls  over  a  set  of  masonry  steps  some  10  or  15  feet  in  height, 
which  so  break  up  the  stream  as  to  thoroughly  aerate  it  and 
thus  effect  a  still  greater  purification.  From  G  the  effluent  is 
carried  by  a  conduit  to  its  point  of  discharge  into  the  Blackstone 
river.  At  the  time  of  my  visit  to  the  works  the  flow  was  as 
indicated  by  the  arrows,  and  it  was  surprising  to  see  the 
change  in  the  appearance  of  the  water  from  its  entrance  into 
Tank  1  to  its  exit  from  Tank  6.  When  it  entered  Tank  1  it 
was  much  worse  in  appearance  than  any  discharge  from  our 
sewers,  being  made  milky  in  appearance  by  the  addition  of 
the  predpitants,  but  when  it  left  Tank  6  it  bad  about  the 
appearance  and  characteristics  of  ordinary  well  water,  and  was 
odorless  or  so  nearly  so  that  I  could  detect  no  odor.  In  fact, 
the  absence  of  bad  odors  about  the  whole  plant  was  a  very 
noticeable  feature.  Except  at  the  chamber  B  there  was  almost 
no  smell  of  any  kind,  and  even  there  the  odor  was  not  strong, 
being  only  that  of  fresh  sewage  —  something  like  wash  water. 

If  the  problem  to  be  solved  by  any  Sewage  Disposal  Works 
was  simply  to  purify  and  dispose  of  the  water,  it  would  in  most 
cases  be  a  comparatively  simple  one.  But  there  is  still  another 
and  more  important  work  to  be  performed,  and  that  is  to  get 
rid  of  the  solid  matter  in  the  sewage  that  is  precipitated  by 
combinations  with  the  chemicals  employed,  in  other  words  the 
^'sludge"  depoistedin  the  settling  basing.  At  Worcester  this 
is  done  about  once  in  80  hours  for  Tanks  1  and  2 ;  less  frequently 
for  the  others,  as  follows : 

Under  each  settling  basin  there  is  a  pipe  laid ;  these  are  so 
arranged  that,  after  the  water  is  out  of  the  basins,  by  means  of 
gates,  the  ^^  sludge  "  can  be  drawn  into  them.  These  pipes  all 
connect  with  one  main  pipe  under  the  channels  E  E  E,  which 
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leads  it  all  to  a  pump-well  situated  under  the  engine  house  H, 
from  which  it  is  pumped  into  a  trough  which  carries  it  to  a  set 
of  plots  of  ground,  which  are  called  the  "sludge-fields." 
These  fields  are  arranged  so  that  they  can  be  used  alternately, 
the  sludge  being  carried  to  them  in  common  open  plank 
troughs,  which  can  be  shifted  from  one  sludge-field  to  another. 
The  sludge,  which  is  quite  easily  delivered  at  the  sludge-fields, 
there  being  about  95  per  cent,  water  in  it,  is  allowed  to  spread 
over  them  from  12  to  18  inches  in  depth.  It  is  then  allowed 
to  settle  and  evaporate,  and  after  the  water  has  all  dried  out  it 
is  either  covered  with  a  few  inches  of  sand  or  else  turned  over 
and  into  the  soil  with  spades. 

This  is  the  present  disposition  of  the  sludge.  It  is,  however, 
looked  upon  as  only  a  temporary  arrangement,  as  it  is  expected 
eventually,  to  treat  it  by  passing  it  through  filter  presses  by 
means  of  which  about  60  per  cent,  of  the  water  will  be  taken 
out  and  the  sludge  left  in  the  form  of  cakes  which  can  be 
readily  handled.  When  reduced  to  tliis  state  it  is  hoped  that 
it  may  have  some  slight  commercial  value  as  a  fertilizer.  At 
present  it  has  no  sudi  value  on  account  of  its  semi-fiuid  con- 
dition,^ and  so  far  no  attempt  has  been  made  to  derive  any 
income  from  the  works,  or  even  to  make  them  pay  running 
expenses. 

It  was  pretty  thoroughly  demonstrated  at  the  outset  to  the 
authorities  of  Worcester  that  any  attempt  to  make  the  Sewage 
Disposal  Works  a  money  making  investment  would  be  useless. 
What  they  are  obliged  to  do  is,  to  stop  contaminating  the 
Blackstone  river,  consequently  they  must  put  their  sewage  into 
the  stream  in  as  pure  a  state  as  it  is  possible  to  reduce  it  to. 
They  realized  that  any  attempt  to  derive  an  income  from  the 
waste  products  of  their  works  would  be  almost  certain  to  cause 
them  to  loose  sight  of  the  main  object  of  their  erection,  namely 
the  purification  of  the  sewage,  in  the  efibrt  to  make  money  and 
that  there  would  constantly  be  a  deterioration  of  the  resulting 
effluent.  They  have,  therefore,  by  not  forgetting  the  reason 
for  which  the  works  were  built,  made  them  very  fairly  success- 
ful, in  that  the  resulting  effluent  water  is  fairly  pure,  and  do^a 
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no  damage  to  the  stream  into  which  it  is  emptied  (in  fact  it  is 
stated  that  there  has  been  an  appreciable  improvement  in  the 
condition  of  the  Blackstone  river  in  even  the  short  time  that 
the  works  have  been  in  operation,  and  considering  the  compar- 
atively small  amount  of  sewage  treated)  and  that  the  remaining 
sludge  is  not  offensive  to  the  smell  nor  harmful  to  the  health, 
although  as  yet  somewhat  troublesome  to  take  care  of.  It  is 
thought  that  after  the  sludge  has  been  treated  by  the  filter 
presses  this  difficulty  will  be  much  diminished,  as*  it  will  then 
be  in  better  shape  to  handle  and  can  be  used  like  ordinary 
earth  for  filling  low  land,  if  it  is  not  of  sufficient  value  as  a 
fertilizer  to  make  it  saleable  to  the  farmers  of  the  neighborhood. 

Mr.  Allen  stated  that  he  thought  that  the  method  of  dis- 
posing of  the  sludge,  which  would,  in  the  end,  have  to  be 
adopted,  would  be  to  bum  it  in  a  furnace  similar  to  those  used 
for  burning  garbage. 

The  cost  of  constructing  the  works  has  been : 

For  outfall  sewer,  from  city  to  works,      $75,000 
"   tanks,  building  and  machinery,  46,000 

This  does  not  include  the  cost  of  the  land  used  for  the  tanks, 
buildings  and  sludge-fields,  some  120  acres  in  all,  although  as 
yet  only  about  ten  acres  are  in  use. 

Mr.  Allen,  before  beginning  the  works,  estimated  the  cost  of 
running  them  at  60  cents  per  head  of  the  population  per  year. 
He  says  that  so  far  the  cost  has  not  exceeded  40  cents.  As  the 
works  have  not  been  run  during  severe  winter  weather  I  think 
this  figure  may  be  rather  low. 

The  remainder  of  the  programme.  Prof  Bannicut's  paper  on 
"  Sewage  Disposal"  was  a  very  complete  and  thorough  descrip- 
tion of  the  various  methods  adopted  for  that  object,  but  as  it  is 
ground  with  which  the  members  of  this  Association  are  familiar 
I  will  only  give  his  final  summing  up  of  the  matter.  He  said 
about  as  follows :  The  water  carriage  systems  are  the  best  for 
sea  coast  towns  where  the  sewage  can  be  disposed  of  once  for 
all  in  deep  water  at  a  distance  from  its  point  of  delivery. 

Cesspools  or  systems  embodying  their  use  should  not  be 
adopted  anywhere. 
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The  pail  systems  are  good  for  very  small  villages  only. 

The  Leinure  system  is  not  good  because  too  complicated. 

Broad  filtration  may  work  satisfactorily  where  large  areas  of 
waste  land  can  be  obtained  especially  adapted  to  its  purposes. 

Downward  intermittent  filtration  will  work  well  where 
everything  is  favorable  to  its  doing  so ;  the  nature  of  the  soil, 
location,  and  area  of  land  to  be  used,  and  the  character  of  the 
sewage  itself  must  be  right. 

Chemical  precipitation  works  best  where  manufacturing 
wastes  enter  into  the  sewage. 

In  concluding  this  report  I  would  remind  your  Honorable 
Board  that  all  efforts  in  the  direction  of  *'  Sewage  Disposal  in 
this  country  are  yet  in  their  infancy  and  have  as  yet  shown 
only  partially  whether  their  results  are  favorable  or  not. 

At  the  same  time  I  would  draw  your  attention  to  the  rapidity 
with  which  the  time  is  drawing  near  when  every  community  in 
the  country  must  take  such  steps  as  will  insure  their  disposing 
of  their  sewage  without  injury  to  themselves  or  to  their  neigh- 
bors by  the  pollution  of  the  streams  into  which  they  now  dis- 
charge it. 

This  concludes  the  report  to  the  Board. 

In  finishing  this  paper  I  would  emphasize  these  last  remarks 
to  you  gentlemen  of  the  Connecticut  Association  of  Civil 
Engineers  and  Surveyors,  and  remind  you  that  it  is  our  place,  as 
individuals  and  as  a  body,  to  lead  public  opinion  in  this  matter, 
and  by  careful  study  of  this  most  important  subject  of  Sewage 
Disposal  be  prepared  to  act  understandingly  in  such  cases  as 
may  come  under  our  personal  supervision. 

Each  case  must  be  studied  and  treated  by  itself,  for  it  is  not 
always,  owing  to  different  conditions,  advisable  to  adopt  the 
same  method  of  disposal  that  our  neighbor  finds  eminently 
satisfactory. 
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REPORT  OF  THE  COMMITTEE  UPON  MASONRY. 

The  qaeetions  eubmittcd  to  the  Committee  upon  Masonry  are 
as  follows: 

First, — What  is  the  best  method  of  determining  the  specific 
gravity  of  rubble  masonry  for  the  purpose  of  calculating  the 
stability  of  a  stone  dam  ? 

Second, — What  is  the  proper  coeflBcient  for  the  friction  of 
rubble  masonry  upon  itself,  or  how  many  pounds  of  horizontal 
pressure  will  move  100  pounds  of  rubble  masonry  on  a  hori- 
zontal joint. 

In  regard  to  the  first  question  your  committee  would  say : 
That  the  specific  gravity  or  weight  of  masonry  given  by  diifer- 
ent  authorities  is  somewhat  different,  varying  between  consid- 
erable limits.  Thus,  Trautwine  gives  for  the  weight  of  well 
Bcabbled  mortar  rubble,  one-fifth  part  being  mortar,  154  pounds 
per  cubic  foot ;  roughly  scabbled  mortar  rubble,  one-fourth  to 
one-third  part  being  mortar,  150  pounds  per  foot ;  well  scab- 
bled  dry  rubble  138  pounds  per  foot ;  roughly  scabbled  dry 
rubble  125  pounds  per  foot.  The  stone  in  these  cases  being 
either  limestone  or  granite.  Masonry  of  sandstone  is  given  as 
seven-eighths  of  the  corresponding  weights. 

Baker,  in  his  treatise  upon  Masonry  (the  latest  work  upon 
the  subject)  gives  for  best  limestone  rubble  masonry  142 
poundS)  rough  rubble  136  pounds,  granite  masonry  6  per  cent, 
more,  and  sandstone  masonry  14  per  cent.  less. 

Krantz  in  his  Reservoir  Walls  gives  144.5  pounds,  while  the 
value  taken  in  the  construction  of  many  of  the  large  dams  of 
France  and  Spain  was  126  pounds.. 

We  here  have  a  difierence  between  the  highest  and  lowest 
of  these  values  of  28  pounds  per  cubic  foot,  or  756  pounds  per 
cubic  yard. 

This  is  a  result  which  might  naturally  be  expected,  as  stone 
of  the  same  general  kind  from  different  quarries  will  have 
different  weights,  and  as  the  weight  of  masonry  depends  also 
upon  the  size  of  stone,  and  upon  the  relative  proportions  of  sand, 
stone  and  cement.    Different  weights  of  sand  and  cement  will 
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also  influence  the  weight  of  the  masonry,  so  that  several  differ- 
ent masses  of  masonry  composed  of  the  same  ingredients, 
might  have  different  weights. 

In  any  important  and  particular  case  therefore  it  would  seem 
to  your  committee  that  the  best  method  of  determining  the 
weight  for  the  calculation  of  stability  would  be  to  weigh  several 
samples  composed  of  average  sizes  of  the  stone  to  be  used,  and 
with  the  proportions  and  kind  of  sand  and  cement  determined 
upon,  these  masses  or  samples  to  be  laid  up  as  nearly  as  possible 
in  the  same  manner  as  the  masonry  would  be  laid  in  the  dam, 
and  from  the  different  weights  of  these  masses  or  samples  the 
weight  of  a  cubic  foot  or  cubic  yard  could  be  readily  ascer- 
tained. 

As  to  the  manner  of  weighing  these  masses,  where  a  railroad 
was  at  hand,  such  a  mass,  say  of  one  or  two  yards,  could  be 
built  up  upon  a  flat  car  and,  after  having  set,  could  be  taken 
to  the  nearest  pair  of  railroad  scales  and  the  whole  there 
weighed,  the  weight  of  the  car  being  ascertained  beforehand. 

In  the  case  where  a  railroad  and  car  was  not  available  a 
stone-boat  or  cart  could  be  utilized  and  the  mass  built  upon 
that  and  drawn  to  the  nearest  pair  of  platform  scales  capable 
of  weighing  several  tons  and  the  weight  ascertained  as  before. 

An  approximate  method  more  easily  accomplished  and  suffi- 
ciently accurate  for  all  ordinary  purposes  would  be  to  weigh 
the  stone,  sand  and  cement  separately,  taking  average  sizes  of 
stone  and  from  the  weight  of  these,  knowing  approximately 
the  quantity  of  mortar  required  per  yard,  calculating  the 
weight  of  the  masonry.  Several  determinations  could  be  made 
in  this  manner  and  average  results  taken. 

In  regard  to  the  second  question,  that  of  the  friction  of 
masonry  upon  itself  and  the  proper  coefficient  to  be  used. 

As  far  as  authorities  go  the  value  of  the  coefficients  given 
vary  from  .38  to  .70,  the  first  value  being  that  of  hard  limestone 
upon  itself,  and  the  last  that  of  point  dressed  granite  upon 
itself,  the  experiments  having  been  made  without  mortar.  Such 
experiments  as  have  been  made  with  mortar  seem  to  show  that 
with  wet  mortar  the  coefficient  is  decreased,  while  with  slightly 
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damp  mortar  it  is  increased.  These  coefficients  are  based  upon 
the  Laws  of  Friction  put  forth  by  Gen.  Morin  of  France  as 
the  result  of  his  experiments  made  in  1831-34,  and  are  as  fol- 
lows, viz. :  First,  That  the  coefficient  is  independent  of  the 
perpendicular  pressure,  that  is,  that  the  coefficient  will  be  the 
same  under  all  pressures.  Second,  That  the  coefficient  is 
independent  of  the  area  of  the  surfaces  in  contact,  that  is,  that 
the  coefficient  will  be  the  same  whether  the  rubbing  surfaces 
are  one  foot  square  or  ton  square  feet  in  area.  Third,  That 
the  coefficient  is  independent  of  the  velocity,  that  is,  the  coeffi- 
cient remains  the  same  no  matter  what  the  velocity  of  move- 
ment of  one  of  the  bodies  over  the  other  may  be. 

These  laws  seem  to  have  been  accepted  as  final  for  all 
conditions,  up  to  within  the  last  ten  or  twelve  years  and  are  so 
laid  down  in  most  of  the  engineering  text  books,  although  Gen. 
Morin  did  not  claim  that  they  were  true  except  within  the  very 
limited  range  of  his  experiments  and  under  the  same  conditions. 

Within  the  last  ten  or  twelve  years,  however,  the  whole  sub- 
ject of  friction  has  been  experimentally  gone  over  again  by 
several  investigators.  Prof.  Thurston  in  1876-78  being  the 
first  to  show  the  incorrectness  of  these  laws  and  from  his 
experiments  to  deduce  the  true  laws  of  friction. 

These  new  experiments  of  Thurston  and  others  have  been 
made  principally  with  regard  to  rolling  and  axle  friction,  and 
with  the  use  of  lubricants,  and  such  experiments  as  have  been 
made  between  dry  surfaces  have  been  mainly  in  connection 
with  brake  tests,  and  therefore  between  metal  surfaces,  and 
while  the  general  facts  will  apply  to  our  case  the  coefficienta 
of  course  will  be  different. 

These  experiments  show  that  the  Laws  of  Morin  are  not 
even  approximately  true  or  rather  that  his  results  will  only 
apply  to  the  same  conditions  under  which  his  experiments 
were  made,  for  from  the  experiments  of  Oapt.  Douglas  Galton 
and  George  Westington,  Jr.,  upon  brake  shoes  it  has  been 
demonstrated  that  the  coefficient  of  friction  is  not  indepen- 
dent of  the  area  of  the  surface  of  contact,  but  is  considerably 
larger  with  a  large  area  of  contact  than  in  the  case  of  a  mere 
point. 


83 

Pro£  Thnrston,  Mr.  A.  M.  Wellington,  Prof.  Tower  of 
England,  and  Mr.  C.  J.  Woodbury  have  all  shown  that  the 
coefficient  of  jonmal  friction,  which  is  essentially  sliding 
friction,  is  not  independent  of  the  pressure,  but  it  diminishes 
with  the  pressure,  following  a  curved  line ;  that  is,  the  total 
friction  becomes  greater  as  the  pressure  is  increased,  but  not 
in  a  direct  ratio,  thus  from  the  experiments  of  Mr.  Woodbury 
upon  journal  friction  at  low  pressures  it  is  seen  that  the  fric- 
tion due  to  a  pressure  of  two  pounds  to  the  square  inch  is  not 
double  that  due  to  a  pressure  of  one  pound  to  the  square 
inch,  in  fact  that  at  a  temperature  of  100  degrees  the  friction 
due  to  a  pressure  of  one  pound  is  not  doubled  until  a  pressure 
of  eight  pounds  is  reached,  while  at  a  temperature  of  40 
degrees  the  friction  due  to  one  pound  is  not  doubled  until  a 
pressure  of  twenty  pounds  to  the  square  inch  is  reached, 
which  also  shows  a  decided  variation  due  to  the  temperature, 
also  the  friction  due  to  a  pressure  jof  five  pounds  per  square 
inch  was  0.7  of  a  pound  at  a  temperature  of  40  degrees  it  did 
not  become  1.4  pounds  or  double  until  a  pressure  of  40  pounds 
was  reached,  and  at  a  temperature  of  100  degrees,  with  five 
pounds  pressure,  the  friction  was  .22  of  a  pound,  this  was 
doubled  at  a  pressure  of  20  pounds  per  square  inch. 

The  same  general  results  have  been  shown  for  heavier 
pressures  in  experiments  by  A.  M.  Wellington,  and  others,  in 
the  case  of  the  rolling  friction  of  cars,  where  it  is  seen  that 
the  friction  per  ton  is  greater  for  empty  cars  than  for  the 
same  cars  loaded,  and,  in  the  case  of  a  pair  of  trucks,  the 
friction  per  ton  was  much  greater. 

It  has  also  been  shown  in  the  experiments  upon  brakes  by 
Dalton  and  Westinghouse  before  alluded  to  and  by  Welling- 
ton and  others  in  a  different  manner,  that  the  coefficient  is  very 
materially  affected  by  the  velocity  and  is  not  independent  of 
it  as  Morin's  law  declares,  thus  in  the  brake  tests  at  a  velocity 
of  from  0  to  1  or  two  miles  per  hour  the  coefficient  was  0.25, 
while  at  a  velocity  of  about  20  miles  per  hour  it  was  0.182,  at 
about  30  miles  0.163,  at  40  miled  0.144,  at  48  miles  0.132  and 
at  60  miles  0.072. 
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These  experiments  also  show  that  the  coefficient  varied  very 
appreciably  with  the  time,  thus  at  a  constant  velocity  of  27 
miles  per  hour  the  coefficient  at  first  was  0.171 ;  after  five 
seconds,  0.13 ;  after  10  seconds,  0.119 ;  after  15  seconds,  0.081, 
and  after  20  seconds,  0.072. 

The  experiments  of  Wellington  also  show  that  the  friction 
at  starting,  or  rather  at  a  very  low  velocity,  is  very  great  and 
is  more  nearly  constant  under  varying  conditions  of  pressure, 
temperature  and  lubrication  than  any  other  velocity. 

In  view  of  these  facts  and  as  an  answer  to  the  question 
submitted,  your  committee  have  reached  the  following  con- 
clusions. 

First, — That  unless  the  laws  of  Morin  be  accepted  the 
question  is  a  somewhat  indeterminate  one  in  the  light  of  our 
present  knowledge,  as  the  committee  know  of  no  experiments 
made  directly  upon  rubble  masonry  with  different  pressures, 
different  areas  of  contact^,  and  different  temperatures,  and  as 
it  is  seen  that  all  these  affect  the  question  the  same  mass  or 
weight  of  masonry  might  require  a  different  force  to  move  it 
as  its  area  of  contact  with  the  adjacent  masonry  is  different, 
and  it  would  also  require  a  different  force  to  start  it  from  that 
required  to  keep  it  in  motion,  this  force  diminishing  for  a 
time  at  least  after  motion  is  generate. 

Second, — ^That  as  far  as  the  friction  of  rubble  masonry 
upon  horizontal  joints  is  concerned  the  coefficients  determined 
by  Morin  or  for  very  high  walls  coefficients  a  little  less,  are 
in  the  opinion  of  the  committee  practically  safe.  As  Morins 
experiments  were  made  under  pressures  of  about  30  pounds 
to  the  square  inch  corresponding  to  a  height  of  masonry  of 
34.5  feet  when  taken  at  125  pounds  to  the  cubic  foot.  The 
experiments  of  Mr.  "Woodbury  show  that  the  coefficients  of 
friction,  at  a  given  temperature,  increase  with  a  decrease  of 
pressure,  and  decrease  with  an  increase  of  pressure,  but  the 
increase  of  coefficient  with  a  given  decrease  of  pressure  is 
much  greater  than  the  decrease  of  coefficient  due  to  an  in- 
crease of  pressure  of  the  same  amount ;  so  that  if  we  assume 
an  average  value  of  0.5  for  the  coefficient  of  masonry,  upon 
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masonry  with  a  pressure  of  30  pounds  to  the  square  inch,  and 
a  temperature  of  about  60  degrees  if  the  same  relative  ratio 
was  maintained  in  this  case  as  that  given  by  Mr.  Woodbury's 
experiments,  the  relative  value  of  the  coefiicieut  at  a  pressure 
of  20  pounds  would  be  about  0.623,  and  for  a  pressure  of  40 
pKDunds  to  the  square  inch,  about  0.435,  the  increase  of  co- 
efficient in  this  case  being  1 .89  times  greater  than  the  decrease, 
or  nearly  twice  as  great. 

As  the  pressure  per  square  inch  is  still  further  decreased 
the  coefficient  will  increase  in  a  much  faster  ratio,  and  on  the 
other  hand  decrease  in  a  slightly  less  ratio. 

With  respect  to  the  frictioa  of  masonry  upon  masonry, 
however,  it  should  be  noted  that  while  the  general  law  of  in- 
crease of  coefficient,  with  decrease  of  pressure,  and  decrease 
of  coefficient  with  increase  of  pressure,  will  undoubtedly 
hold  good,  the  ratio  of  such  increase  and  decrease  will  be 
essentially  different,  and  probably  very  much  less  in  both 
cases,  as  these  experiments  were  made  by  journals  revolving 
at  a  speed  of  300  feet  per  minute,  and  lubricated  with  par- 
affine  oil,  conditions  entirely  different  from  anything  occurring 
in  the  sliding  of  masonry  upon  masonry. 

That  this  is  so  is  readily  seen  by  a  simple  calculation. 
These  experiments  give  a  coefficient  for  a  pressure  of  one 
pound  per  square  inch,  about  seven  times  as  great  as  that  of 
the  coefficient  for  30  pounds  at  a  temperature  of  100  degrees, 
and  about  13  times  as  great  at  a  temperature  of  40  degrees. 

Starting  therefore  with  a  coefficient  of  0.5  for  masonry  at  a 
pressure  of  30  pounds  per  square  inch  this  would  give  for  a 
pressure  of  one  pound  in  the  first  case  »  coefficient  of  3.5,  and 
in  the  second  case  of  6.5,  a  result  that  is  absurd. 

Third, — That  as  far  as  the  stability  of  a  masonry  dam  is 
concerned  the  question  of  whether  it  will  shde  upon  a  hori- 
zontal joint  is  not  of  such  great  practical  importance  as  has 
been  supposed,  as  a  masonry  dam  if  properly  constructed, 
with  the  best  workmanship  and  made  perfectly  safe  against 
overturning,  will  seldom  fail  by  sliding  upon  one  of  its  own 
joints,  as  the  following  considerations  will  show.     If  we  take 
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a  vertical  wall  of  rabble  masonry  sustaining  the  pressore  of 
quiet  water  level  with  the  top,  and  suppose  the  weight  of  the 
masonry  to  be  taken  at  125  pounds  per  cubic  foot  (a  low  value) 
then  the  height  of  the  wall  at  which  the  pressure  will  become 
30  pounds  per  square  inch  upon  its  base  will  be  approximately 
34.5  feet. 

The  thickness  of  the  wall  with  a  factor  of  safety  of  one 
against  overturning  around  its  toe  will  be  14.1  feet,  and  its 
weight  30.3  tons,  the  horizontal  pressure  of  the  water  being 
18.5  tons. 

With  a  coefficient  of  friction  of  0.6  (a  low  value,  the 
coefficient  for  rubble  masonry  being  usually  taken  at  0.65  or 
0.7,  and  sometimes  greater)  this  wall  will  have  a  frictional 
resistance  of  18.25  tons,  and  a  factor  of  safety  of  0.986  or 
practically  one,  that  is  it  will  be  as  strong  against  sliding  as 
against  overturning. 

If  we  now  take  different  heights  of  this  wall  as  50  feet,  45 
feet,  25  feet,  etc.,  we  find  that  the  factor  remains  essentially 
the  same,  so  that  the  wall  will  not  fail  any  sooner  from  sliding 
than  it  will  from  overturning,  and  if  we  take  the  adhesive 
strength  of  the  mortar  into  account  it  will  not  fail  as  soon. 

Of  course  the  adhesive  strength  of  the  mortar  is  a  some- 
what indeterminate  quantity  and  may  vary  between  consider- 
able limits,  as  is  shown  by  tensile  tests  of  the  strength  of 
mortar,  but  the  average  values  found  by  Gen.  Gilmore  for 
mortar  of  good  Rosendale  cement,  one  part  cement  to  two 
parts  of  sand  mixed  in  the  usual  manner  in  construction  and 
at  an  age  of  30  days  was  about  12  pounds  to  the  square  inch, 
and  at  an  age  of  320  days  24  pounds  per  square  inch,  the 
materials  cemented  being  brick  in  both  cases ;  dressed  gran- 
ite in  the  first  case  gave  about  the  same  results,  so  that  prob- 
ably rubble  masonry  would  not  give  any  less  results. 

The  adhesive  strength  of  Portland  cement  mortar  by  other 
experimenters  is  about  double  these  values,  the  mortar  being 
one  part  of  cement  to  three  parts  of  sand. 

An  adhesive  strength  of  12  pounds  to  the  square  inch 
would  correspond  in  our  vertical  wall  to  a  factor  of  safety 
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against  slidiiig  of  0.65  which,  added  to  the  previooB  factor, 
gives  a  value  of  1.64,  so  that  the  actual  factor  of  safety 
against  sliding  in  this  case  at  the  end  of  a  month,  or  as  soon 
as  there  would  probably  be  any  pressure  brought  upon  the 
dam,  would  be  about  two-thirds  greater  than  against  over- 
turning and  would  probably  increase  with  age  as  the  experi- 
ments seem  to  show.  A  vertical  wall  is  the  most  unstable 
construction  against  the  pressure  of  water  and  the  most 
expensive  that  we  can  well  build,  and  a  dam  50  feet,  or  even 
34  feet  high,  would  rarely  be  built  in  this  manner.  In  a  well 
designed  dam  of  this  height,  such  as  the  profile  recommended 
by  Krantz  for  a  depth  of  water  of  15  metres,  or  49.2  feet,  the 
depth  at  which  the  pressure  upon  the  base  will  be  30  pounds 
to  the  square  inch  will  be  46  feet,  the  dam  being  supposed  to 
have  a  guard  wall  of  five  feet  in  height,  and  the  weight  of 
the  masonry  taken  at  3,900  pounds  to  the  yard,  or  144.5 
pounds  per  foot. 

In  this  case  the  factor  of  safety  due  to  friction  alone  against 
sliding  on  this  joint  with  the  same  coefficient  of  friction  0.6 
will  be  1.21,  the  factor  against  overturning  2.27  or  about  2|. 
These  factors  wiU  decrease  slightly  as  we  descend,  being  1.19 
and  2.22  at  the  base  of  the  dam  and  will  increase  as  we  go 
towards  the  top,  becoming  1.62  and  2.75  respectively  at  a 
depth  of  25  feet. 

This  shows  a  less  ratio  between  the  overturning  moment 
and  the  frictional  moment  than  in  the  case  of  the  vertical 
wall,  but  such  profiles  are  considered  safe  and  numbers  of 
them  have  been  built,  principally  in  Europe,  and  have  stood, 
showing  no  signs  of  giving  way  either  by  overturning  or 
sliding,  although  subjected  to  the  force  of  water  flowing  over 
the  crests  and  to  the  shock  of  waves  and  ice. 

A  point  to  be  noted  in  this  connection,  however,  is  that  the 
coefficient  of  friction  assumed  by  Krantz  is  0.75,  instead  of 
0.6,  as  we  have  taken  it,  which  would  give  in  this  profile  a 
considerable  greater  stability  against  sliding. 

Of  course  poor  workmanship  in  a  dam,  as  in  any  construc- 
tion, will  nullify  to  a  great  extent  any  theoretical  stability 
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assumed  in  the  design^  but  that  is  a  question  of  supervision 
and  superintendence,  and  does  not  properly  come  undei  the 
head  of  our  question  which  relates  solely  to  the  theoretical 
stability. 

Respectfully  submitted, 

W.  B.  Palmer, 
R  W.  LaFobge, 
G.  H.  Bishop, 

Committee  on  Masonry. 

RAINFALL  AND   SEWER  CAPACITY. 
By  C.  E.  Chandler, 

A  few  years  ago,  through  the  mistaken  confidence  of  a 
committee  of  your  Council,  I  was  ordered  to  design  a  system 
of  sewers  for  a  newly  acquired  portion  of  our  city. 

Although  the  city  had  built  a  good  many  sewers,  there  had 
been  no  sewer  system  designed  for  any  part  of  the  territory, 
and  each  sewer  had  been  built  according  to  the  judgment,  or 
lack  of  it,  of  those  for  the  time  being  having  the  matter  in 
charge. 

No  experiments  of  any  value  had  been  made. 

I  had  "Rawlinson's  Suggestions,"  "Latham's  Sanitary 
Engineering."  "Adams*  Sewers  and  Drains  for  Populous  Dis- 
tricts," ''  Shedd  on  the  Sewerage  of  Providence,"  and  sundry 
other  reports. 

None  of  these  authorities  advocated  providing,  even  in  a 
city  with  paved  streets  and  solid  blocks,  for  the  actual  removal 
during  the  time  of  falling  of  more  than  one  half  an  inch  per 
hour.  In  fact  so  far  as  I  know,  up  to  within  a  short  time 
previous  to  my  report,  a  rate  of  rain  fall  exceeding  one  inch, 
per  hour  was  considered  to  be  such  an  infre(]uent  occurrence, 
that  "one  inch  per  hour,  one  half  of  it  to  get  into  the  sewers 
during  the  time  of  falling,"  seemed  to  be  a  pretty  universally 
accepted  axiom. 

A  little  crude  observation,  and  some  rumors  and  reports, 
lead  me  to  believe  that,  while  this  was  a  fair  inference  from 
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the  data  available  when  the  above  mentioned  anthoritj  wrote, 
the  data  was  incomplete  and  misleading,  and  that  practice 
was  proving  the  theory  to  be  incorrect. 

With  this  in  mind  I  addressed  several  letters  to  engineers 
having  in  their  charge  sewer  systems  which  had  been  pretty 
folly  carried  out.  The  impression  I  received  from  their 
replies  was,  that  it  was  desirable  to  provide  for  a  rather 
lai^er  amount  of  storm  water.  This  was  indefinite,  but  I 
think  the  impression  was  fairly  to  be  inferred,  that  one-half 
inch  per  hour  to  be  actually  carried  by  the  sewers,  was  ample 
allowance  for  a  suburban  territory  of  moderate  slope,  with 
detached  houses  and  unpaved  streets. 

My  report  was  reviewed  by  a  well  known  engineer  of  wide 
experience  who  recommended  slightly  smaller  sizes  generally 
than  I  did. 

Hence  I  think  it  may  be  safely  assumed  that  up  to  1883, 
one  half  an  inch  per  hour  was  generally  considered  to  be  a 
sufficient  amount  of  water  to  be  provided  for  in  any  but  an 
unusually  steep  and  densely  populated  territory. 

It  was  not  long  before  it  came  out  that  the  engineers  of 
the  Washington  Sewerage  decided  to  proportion  their  sizes 
for  a  rain-fall  of  two  inches  per  hour. 

This  was  sharply  criticised  by  the  author  of  one  of  the 
works  heretofore  mentioned,  but  the  engineers  claimed  that 
the  large  amount  of  asphalted  pavements  and  other  circum- 
stances made  their  city  exceptional. 

Previous  to  1883  very  few  drainage  areas  were  fully  sewered, 
hence  there  had  been  no  opportunity  for  testing  accepted 
theories. 

There  were  very  few  self  registering-rain  gaugec,  and  the 
records  otherwise  obtained  were  not  only  comparatively  worth- 
less as  a  guide  to  sewer  capacity,  but  were  actually  misleading. 

Kawlinson  and  others  continually  laid  down  the  principle 
that  it  was  unwise  for  municipalities  to  build  sewers  large 
enough  to  provide  for  exceptional  storms,  such  as  those  having 
rates  greater  than  one  inch  per  hour  were  considered  to  be, 
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believing  it  was  cheaper  to  pay  damages  caused  by  such  storms, 
than  to  increase  the  size  of  the  sewers. 

Many  sewer  systems  in  this  coantry  were  planned  and  their 
constraction  continues  on  this  basis. 

The  theory  was  held  by  many,  that  people  who  try  to  drain 
their  cellars,  or  fixtures  below  the  level  of  the  adjoimng  street 
surfaces  must  protect  themselves  from  backwater  as  best  they 
can. 

The  multiplication  of  self-registering  rain  gauges,  the  increased 
density  of  population  and  street  paving,  and  the  approximate 
completion  of  the  sewerage  of  many  districts  within  a  few 
years,  has  let  in  enough  light  on  the  subject,  so  that  we  begin 
to  see  the  darkness  with  which  it  has  been  surrounded. 

About  two  years  ago  I  was  ordered  to  report  on  a  system  of 
sewers  for  a  cUstrict  of  our  city  having  an  area  of  about  1,000 
acres. 

As  our  people  are  pretty  well  wedded  to  the  combined 
system,  and  much  of  the  district  was  already  sewered  on  that 
plan,  the  subject  of  rainfall  and  sewer  capacity  became  an  im- 
portant one  to  me. 

I  had  read  enough  to  load  me  to  believe  that  maximum  rain 
fkll  rates  greater  than  one  inch  per  hour  were  more  frequent 
than  accepted  authorities  had  reason  to  suppose,  but  I  knew  of 
no  data  upon  which  to  form  an  opinion  as  to  how  much  greater 
or  how  frequent. 

It  was  then,  and  still  is,  an  unfortunate  period  in  which  to 
design  sewerage  systems  which  are  to  carry  storm  water. 

Ten  years  ago  engineers  walked  in  the  dark  with  a  feeling 
of  safety,  but  now  being  able  to  see  the  dangers  in  their  path, 
we  have  reason  for  timidity. 

Can  we  go  on  in  the  old  way  ?  Do  we  dare  to  ask  taxpayers 
to  build  sewers  for  large  districts  that  will  carry  a  considerable 
proportion  of  the  rainfalls  indicated  by  the  self-registering  rain 
gauge? 

My  observations  and  investigations  at  that  time  led  me  to 
provide  for  still  larger  rain  falls,  and  still  the  question  remains: 
How  much? 
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REPORT  OF  THE  COMMITTEE  ON  SEWERAGE. 

In  reply  to  the  following  questions:  ''What  should  be 
assumed  in  Connecticut  as  the  maximum  nite  of  rainfall  in  de- 
signing sewerage  systems?" 

Permit  us  at  the  outset  to  state  the  way  the  Committee  under- 
stand this  question. 

The  Committee  are  not  fully  agreed  as  to  the  light  in  which 
to  treat  it.  A  part  of  the  Committee  think  that  the  rate  re- 
commended should  be  one  that  covers  all  recorded  rates  except 
those  which  have  occurred  very  rarely. 

Another  part  of  the  committee  suppose,  rather  that  the  rates 
of  rainfall  sought,  are  those  which  have  occurred,  and  which 
are  liable  to  occur,  with  such  frequency  as  to  make  it  proper 
and  necessary,  that  they  should  be  taken  into  account  in  de- 
signing sewers. 

It  may  be  claimed  that  the  rate  of  rainfall  is  only  one  of  the 
several  considerations  entering  into  the  question  of  the  proper 
capacity  of  sewers.  It  is,  however,  a  very  important  and 
fundamental  matter,  regarding  which  there  is  great  lack  of 
available  data.  It  is  also  the  matter  concerning  which  it  is 
most  difficult  to  obtain  reliable  data  for  any  given  locality. 

Any  deductions  regarding  rates  of  rainfall,  to  be  of  much 
value  in  designing  sewers,  should  be  based  upon  observations 
covering  quite  a  long  period,  and  not  confined  to  any  one 
locality.  A  single  year  might  be  a  typical  one,  or  it  might  be 
one  in  which  no  rapid  rains  had  occurred. 

It  may  be  held,  and  it  has  been  claimed  by  one  of  the  most 
noted  sanitary  engineers  in  this  country,  that  the  question  of 
rate  of  rainfall  and  the  proportions  of  the  same  reaching  the 
sewers  during  the  time  of  falling,  should  not  be  considered 
separately,  but  together. 

We  are  inclined  to  differ  on  this  point,  and  think  we  have 
good  reason  for  so  doing. 

The  proportion  of  rainfall  reaching  the  sewers  during  the 
time  of  falling,  &rom  a  water-shed  of  a  known  area,  slope 
and  general  character,  can  be  quite  as  correctly  determined 
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comparatively  short  period,  for  in  most  cases  the  character  of 
the  water-shed  is  constantly  changing. 

The  better  plan,  we  believe,  is  to  determine  what  shall  be 
considered  as  maximum  rainfall  rates  from  the  best  data 
obtainable,  covering  a  considerable  number  of  years,  and 
then  ascertain  the  theoretical  proportion  entering  sewers 
from  the  water-shed  in  question  by  the  best  available  obser- 
vations on  similar  water-sheds. 

It  may  be  urged,  that  in  order  to  determine  by  actual  tests, 
the  proportion  of  a  given  rate  of  rainfall  that  will  probably 
enter  the  sewer  during  a  certain  period  of  the  storm  from  a 
water-shed,  the  general  character  of  which  is  known,  one 
might  be  obliged  to  wait  several  years  for  the  occurrences  of 
some  of  the  higher  rates. 

In  answer  to  this,  there  are  reasons  to  warrant  the  con- 
clusion that  the  percentage  of  storm  water  reaching  the 
sewers  during  time  of  falling,  is  but  very  little  greater  when 
the  maximum  rate  of  rainfall  exceeds  one  inch  per  hour  than 
when  it  falls  a  little  below  that  rate,  and  that  the  rule  so  long 
used  in  large  cities  by  able  engineers,  of  "One  inch  per  hour 
rainfall,  one  half  to  reach  the  sewers  during  time  of  falling," 
was  much  more  nearly  correct  as  to  percentage  of  discharge 
than  as  to  rate  per  hour  of  rainfall. 

Some  valuable  data,  not  yet  published,  seem  to  indicate 
that  the  proportionate  discharge  decreases  with  the  high 
rainfall  rates.  This  seems  a  little  paradoxical,  but  it  is  prob- 
ably to  be  accounted  for  by  the  varying  rate  line ;  the  higher 
rates  not  continuing  long  enough  to  have  a  corresponding 
effect  on  the  sewers. 

If  a  positive  answer  to  the  main  question  were  required,  we 
could  not  give  it. 

One  purpose,  however,  of  referring  questions  to  the  various 
committees,  is  to  get  something  as  a  basis  for  discussion. 
We  cheerfully  submit  to  the  Association  such  data  as  we  have 
been  able  to  obtain,  with  the  conclusion  to  which  we  think 
these  data  lead. 
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Through  the  kindness  of  Gen.  A.  W.  Greely,  Chief  Signal 
Officer,  Washington,  D.  C;  E.  B.  Weston,  Assistant  Engineer 
in  charge  of  Providence  Water  Works,  and  Desmond  Fitz- 
gerald, Superintendent  and  Engineer  of  Western  Division, 
Boston  Water  Works,  we  are  enabled  to  avail  ourselves  of 
the  following  data : 

1.  A  list  of  all  rainfalls,  where  the  rate  was  one  inch  or 
more  per  hour  in  Washington,  D.  C,  from  January,  1871,  to 
November,  1887,  inclusive. 

2.  Tables  of  rates  of  rainfall  of  one-quarter  of  an  inch  per 
hour  and  upward,  occurring  at  Providence  from  1879  to  1887. 

3.  Diagrams  giving  maximum  rates  and  times  of  above- 
mentioned  rains. 

4.  Diagrams  from  self-registering  gauge  of  principal  rains 
occurring  in  Boston  from  1879  to  1889. 

The  data  given  in  No.  1  was  platted  (Plate  No.  2)  chrono- 
logically, and  shows  that  rates  greater  than  one  inch  per  hour 
were  more  frequent  during  the  first  half  of  the  period,  but 
greater  maximtmi  rates  occurred  during  the  latter  half  of  the 
time. 

The  difference  in  either  case  is  not  so  marked  as  to  indicate 
that  in  the  future,  excessive  rains  will  be  more  frequent  or 
have  a  greater  maximum  rate  than  heretofore. 

The  data  in  No.  3  are  platted  in  an  excellent  form,  from 
which  to  deduce  maximum  rates  curves. 

The  data  in  No.  4,  while  it  has  required  some  labor  to  put 
them  in  shape  for  use,  are  in  the  most  satisfactory  form,  i.  e.y 
the  record  of  the  original  observations. 

These  data  have  been  arranged  in  three  ways :  Plate  No.  1, 
Figure  1,  gives  a  line  for  the  rate  of  each  storm ;  Figure  2, 
on  said  plate,  shows  by  the  position  of  circle,  the  rate  and 
duration  of  the  principal  down-pour  of  each  storm;  Figure 
3  gives  data  platted  chronologically,  and,  like  the  chronoligical 
table  of  Washington,  it  does  not  indicate  a  probable  increase 
in  frequency  of  rapid  rains,  nor  a  probable  increase  in  max- 
imum rates. 
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The  advantage  of  the  original  data,  as  given  by  Mr.  Fitz- 
gerald for  this  purpose,  is  shown  in  Plate  1,  whore  Figore  1 
.shows  the  rains  by  curves,  and  Figure  2  the  principal  down- 
pours by  dots.  The  curves  give  us  data  for  the  maximum 
rate  for  various  periods  of  time,  while  the  dots  only  show 
facts  concerning  the  rate  for  the  time  of  principal  downpours. 

Plate  3  shows  the  curve  of  maximum  rate  proposed  by  each 
member  of  the  committee  after  examining  the  same  data. 

The  diagrams  hardly  need  explanation,  but  it  may  be  well 
to  make  a  few  statements  concerning  the  theory  of  their  con- 
struction. It  has  doubtless  been  observed  that  it  seldom  rains 
at  a  uniform  rate  for  a  very  long  time.  Sudden  spurts  are 
usually  followed  by  less  rapid  downpours.  Hence,  the  rate  of 
rainfall  for  a  short  time  must  nearly  always  be  much  greater 
than  the  average  rate  for  a  longer  time,  as  a  self-registering 
rain  gauge  plainly  shows. 

The  maximum  rate  of  rain  fall  will  be  greater  or  less  accord- 
ing to  the  length  of  time  taken  into  consideration.  For  a  single 
minute  or  even  five  minutes  we  are  liable  to  have  a  great  aver- 
age rate.  For  a  number  of  hours  or  even  a  single  hour,  the 
average  rate  has  been  and  is  likely  to  be  very  much  less. 

Applied  to  sewers,  the  maximum  rate  for  a  short  period  need 
not  be  considered  in  determining  the  capacity  of  a  main  sewer 
dndning  a  very  large  territory,  unless  this  same  rate  continues 
until  the  water  from  extreme  portions  of  the  water-shed  has 
had  time  to  reach  the  main  sewer,  because,  during  spurts,  the 
water  from  remote  portions  of  the  water-shed  will  not  reach 
the  sewer  at  the  same  time  as  the  water  from  nearer  portions. 

Hence,  we  submit  curves  and  tables  showing  proper  rate  of 
rainfall  in  terms  of  inches  per  hour  for  various  periods  of  time 
from  five  minutes  to  three  hours,  which  may  be  used  as  one 
basis  of  calculation  for  sizes  of  sewers. 

The  allowances  for  slope,  percolation  and  other  circumstances 
of  water-shed,  constitute  another  and  subsequent  problem. 
Some  may  hold  that  the  curve  should  be  rate  and  acres,  or  rate 
and  slope  divided  by  acres,  rather  than  rate  and  time. 


In  the  opinion  of  the  committee  the  question  does  not  call 
for  the  investigation  of  the  relation  of  area,  or  area  and  slope 
combined,  to  time  which  wonld  have  been  necessary  to  have 
prepared  sach  a  table. 

Slope  and  area  sometimes  need  modification  on  account  of 
form  of  water-shed. 

Your  committee  believe  that  they  have  presented  some  data 
bearing  on  the  question  in  a  more  available  form  than  has  been 
previously  done,  and  they  hope  to  receive  much  light  in  the 
discussion  which  may  follow. 

C.  E.  Chandler, 
E.  P.  Augur, 
G.  K.  Crandall, 
Committee  on  Sewerage  of  Connecticut  Association  of  Civil 
Engineers  and  Surveyors, 


REPORT  OF  THE  COMMITTEE  UPON  ROADS  AND 
ROAD-MAKING. 

To  the  President^  Officers  and  Members  of  the  Connecticut 
Association  of  CivU  Engineers  and  Surveyors  : 

Your  Committee  on  Roads  and  Road  Making,  appointed  to 
answer  the  question  in  reference  to  the  merits  of  sheet  asphalt 
as  compared  with  granite  blocks,  find  the  task  a  difficult  one, 
as  practical  experience  of  those  who  have  used  the  asphalt  is 
too  limited  to  base  a  permanent  opinion  upon,  therefore  prefer 
to  answer  the  question  by  way  of  random  reports  as  selected 
from  different  sources. 

In  July,  1889,  the  city  of  South  Norwalk  contemplated  im- 
proving their  streets,  and  a  committee  was  appointed  to  inquire 
into  the  different  methods  as  used  in  other  places. 
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1  sent  out  nearly  400  circnlars  like  the  following : 
CITY  OF  SOUTH  NORWALK. 


South  Norwalk,  C!onn.,  July  18, 1889. 


M^ 


Deab  Sir: — ^Will  you  please  fill  out  the  answers  to  the  fol- 
lowing questions  for  the  benefit  of  this  city.  The  city  con- 
templates improving  the  streets,  and  we  are  anxious  to  learn 
the  results  of  the  several  kinds  of  pavements  used  in  other 
places. 


DO  YOU  USE  ANY 


Granite  Block, 

Wooden  Block, 

French  Rock  Aiphalt, 

Sheet  Asphalt, 

Barber  Asphalt, 

Macadamized, 

Cobble  Scone, 


What  is  the 

ayerage  oost 

per  square 

yard. 


$       ots. 


What  is  the 
ay.  y*rly  cost 

of  repairs 
per  sq.  yard, 


$       ots. 


What  is  the 

ayerage  oo«t 

of  oleaDlQg 

per  yard. 


cto. 


How  are  they  paid  for? 

Are  they  assessed  on  the  adjoining  property  ?„._ _.. 

Are  they  assessed  on  the  city  direct? 

Are  they  assessed  on  the  city  and  adjoining  property,  and  in 

what  proportion?,.- „ 

Which  kind  do  you  prefer? 

Greneral  remarks ^^ - 


Any  reports  or  information  you  may  have  to  send  us  will  be 
thankfully  received,  and  any  expense  incurred  will  be  repaid. 
Tours  respectfully, 

For  the  Committee, 

W.  B.  RIDER,  C.  E. 

230640 
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The  replies,  as  a  rule,  preferred  the  granite  block  as  gi^g 
better  results  for  all  traffic,  especially  heavy  traffic.  It  being 
easily  put  down,  durable,  easily  taken  up  and  replaced,  and 
accidents  from  teams  falling  or  slipping  on  the  surface  being 
less  than  any  other  form  of  roadway,  except  gravel  roads. 

All  condemned  the  unsightly  cobble  stone  pavement  and 
declare  it  must  go. 

Wooden  block  was  preferred  in  a  few  places,  owing  to  its 
cheapness,  and  being  nearly  noiseless. 

Brick  pavement  was  preferred  in  two  places  only. 

Tar  walks  were  pronounced  an  unmittigated  nuisance. 

Macadam  roads  on  dry  soil  gave  good  results. 

The  Telford  roadways,  well  constructed,  prove  to  be  durable, 
dry  and  smooth,  and  for  main  country  roads,  it  is  doubtful  if 
any  other  class  is  equal  to  them  for  smoothness,  durability  and 
cost  for  repairs  in  proportion  to  the  cost.  I  refer  you  to  the 
Oranges  and  vicinity  where  they  are  used  extensively,  and  are 
spoken  of  as  model  roads,  comparing  favorably  to  the  English 
roads. 

Sheet  asphalt  in  our  section  cleaves  and  breaks  up,  and  soon 
gives  out. 

The  city  of  Utica  has  about  the  same  climate  that  we  have 
here.     They  have  of  the  several  kinds,  as  follows: 

MILKS 

Wood  pavement,  ....  .79 

Cobble        "                    ...  11.75 

Asphalt       "  ....  .67 

Sandstone  "                     ...  4.44 

Granite       "  ....  .20 

Total,  ....  17.85 

And  25,275  square  yards  of  Macadam.  The  City  Engineer 
says  granite  is  the  most  durable ;  sandstone  next ;  asphalt  has 
all  that  is  desirable  except  its  durability. 
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The  District  of  Colambia  has : 

MLBS. 

Wood  pavement,         ....  23.6 

Concrete  and  asphalt,  36.8 

Stone  block,    .....  13.2 

Bine  stone,  cobble,  and  rough  stone,  20.3 
Macadam,                                                        .7.3 

Gravel  roads,         ....  23.3 
All  wooden  pavementi  proved  useless. 

The  rough  stone  pavement,  are  complained  of  on  account  of 
their  roughness  but'  prove  to  be  perfectly  passable  at  all 
seasons. 

Experience  has  proved  that  the  Macadam  is  not  equal  to  the 
traffic  and  should  be  relaid  with  a  stone  block  pavement.  Ool. 
William  Ludlow,  in  his  report,  says:  All  wooden  pavements 
should  be  replaced. 

The  commissioners  there  have  decided  that  each  class  of 
pavement  must  prove  its  qualities,  under  the  actual  test 
of  traffic,  before  being  extensively  used  or  laid  upon  the  streets  of 
the  city.  (This  will  be  of  great  value  to  all  interested  in  road 
building.) 

The  use  of  all  tar  pavements  has  been  condemned  in  the  city, 
as  faulty  in  principle,  and  deficient  in  vitality. 
•  Bituminous  basis,  has  also  given  rise  to  many  perplexing 
problems  in  grade  upon  which  they  have  to  be  used,  and  when 
properly  laid,  their  cost  is  as  much  or  greater  than  hydraulic 
concrete,  and  have  been  abandoned. 

The  asphalt  surface  on  a  hydraulic  concrete  base  became  the 
standard  smooth  pavement  of  Washington. 

Col.  Ludlow  ( later )  says :  Coal  tar  walks  are  an  unmitigated 
nuisance.  Many  have  tried  brick  and  wood,  but  it  is  being 
rapidly  discarded,  the  question  now  is:  What  shall  we  use  as 
a  substitute  ? 

The  City  Engineer  of  Camden,  N.  J.,  says:  The  most  of 
our  streets  are  paved  with  the  unsightly  cobble  stone,  and  the 
time  has  come  when  this  kind  of  paving  should  be  abolished. 
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For  ten  years  they  have  used  assorted  nibble  which,  when 
properly  laid,  makes  a  cheap  and  durable  pavement. 

He  adds:  "Block  pavement  is  the  best.  For  light  traflSc 
asphalt  block  makes  a  fine,  smooth  pavement,  and  one  that  is 
noiseless,  and  that  is  not  only  pleasant  to  drive  upon  and  easily 
kept  clean,  but  its  durability  when  properly  laid  is  established. 
It  should  be  laid  in  the  warm  months." 

I  have  cited  these  various  reports,  as  I  find  there  is  not  data 
enough  in  this  section  to  warrant  a  definite  opinion  on  any 
particular  kind  of  pavement. 

Yet  upon  our  varied  soil  and  extreme  changes  of  moisture 
and  temperature,  I  doubt  the  asphalt  proving  to  be  all  that  is 
required.  A  careful  watching  of  some  that  has  been  laid  will 
be  of  great  benefit  to  us  all.  It  seems  to  your  committee  that 
the  square  block  granite  pavement  is  the  best  adapted  to  our 
section  and  varied  traflBc.  But  for  country  roads  a  well  con- 
structed Telford  is  the  best.  We  have  the  material  and  its 
construction  is  simple,  although  care  should  be  taken  in  refer- 
ence to  the  top  dressing.  Trap  rock  makes  the  best.  Gneiss, 
granite,  sandstone,  or  soft  limestone  should  not  be  used  as  they 
are  not  durable,  although  they  make  good  foundations.  I 
have  already  encroached  upon  your  time  more  than  was  in- 
tended, but  trust  that  the  little  information  given  will  repay 
you.  I  intended  to  have  given  a  record  of  the  accidents 
caused  by  teams  falling  on  the  several  kinds  of  roadways,  but 
I  refer  you  to  the  records  of  the  Boston  Fire  Department;  also, 
the  records  of  accidents  in  the  streets  of  New  York.  Yet 
these  have  nothing  to  do  with  wear  and  tear, .  cheapness  or 
durability  of  the  several  kinds  of  pavements. 

Respectfully  submitted, 

W.  B.  RroER, 
W.  H.  Burnett. 
For  the  Committee, 

"  Would  it  not  be  well  for  our  Association  to  unite  in  an 
effort  to  procure  better  roads  through  the  State  than  are  now 
found  except  near  the  larger  cities  ?    K  such  an  effort  is  made, 
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wonld  it  not  be  well  to  concentrate,  as  a  commencement,  on 
macadamizing  the  old  New  York  and  Boston  PoBt  road  the 
length  of  the  State  ?  Should  this  work  be  done  by  the  Towns 
or  the  State,  as  affording  a  great  pablic  benefit  ?" 

Three  qnestions  seem  to  be  included  in  one,  and  I  will  take 
them  up  in  their  order.  First, — "  Would  it  not  be  well  for  our 
Association  to  unite  in  an  effort  to  procure  better  roads  through 
the  State,  than  are  now  found,  except  near  the  larger  cities  ? 

I  do  not  think  there  can  be  any  doubt  but  that  every  mem- 
ber of  this  Association  should  unite  in  an  effort  for  better 
roads. 

The  civilization  of  a  country  is  said  to  be  judged  by  the 
condition  of  its  roads,  and  I  think  there  is  no  one  here  but 
that  hopes  he  is  in  a  civilized  land,  but  if  Connecticut  was 
judged  at  some  times  in  the  year,  strictly  by  the  condition  of 
its  roads,  we  should  be  placed  low  in  the  scale  of  civilization. 

The  Engineers'  Society  of  Western  Pennsylvania  has  taken 
up  the  subject  of  road  improvement  and  are  endeavoring  to 
procure  legislative  enactments  for  the  improvement  of  their 
roads. 

Massachusetts,  Rhode  Island,  New  York  and  several  other 
states  are  endeavoring  to  procure  better  roads,  and  we  do  not 
want  to  see  Connecticut  left  behind. 

We,  as  members  of  our  profession,  travel  a  great  deal  over 
our  roads,  and  we  should  fully  appreciate  any  improvement  in 
them. 

Boad-making  is  a  part  of  our  business,  and  we,  as  members 
of  our  Society,  should  be  interested  in  it,  to  keep  it  up  to  as 
high  a  standard  as  possible,  and  I  have  no  doubt  if  men  of  our 
profession  were  put  in  charge  of  our  roads  they  could  be  kept 
in  a  great  deal  better  shape  than  they  are  now  with  the  same 
amount  of  money  which  is  now  spent  on  them.  I  would  sug- 
gest, however,  that  we  do  not  take  too  prominent  a  position  on 
this  question  as  a  society,  but  that  we  act  in  unison  with  other 
organizations  who  are  endeavoring  to  procure  better  roads, 
and  that  we  use  our  influence  personally  with  the  farmers  and 
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others  who  use  and  pay  for  them  to  interest  them  in  road 
improvement  for  their  benefit. 

Second, — ^^If  snch  an  efiort  is  made  would  it  not  be  well  to 
concentrate  it,  as  a  commencement,  on  macadamizing  the  old 
New  York  and  Boston  Post  road  the  length  of  the  State  ?^ 

This  question  seems  to  me  should  be  divivided  into  two  parts. 

First, — Commencement  of  improvement. 

Second, — Material  of  road  bed. 

First  Part, — As  to  the  concentration,  as  a  commencement, 
on  the  old  New  Pork  and  Boston  Post  road  the  length  of  the 
State? 

I  have  not  been  able  to  locate  just  where  it  went,  but  in  a 
general  way  it  ran  through  Stamford,  New  Haven,  Hartford, 
Manchester,  Bolton,  Coventry,  and  Tolland  on  its  way  to 
Worcester.  At  the  time  when  this  old  road  was  laid  out 
people  built,  most  of  their  houses  on  high  ground  and  the  road 
went  by  them  in  a  comparatively  straight  line  without  regard 
to  the  hills.  Since  that  time  more  or  less  of  it  has  been  discon- 
tinued and  some  of  it  connected  again  by  going  around  the 
hills.  It  does  not  seem  to  me  to  be  the  place  to  commence, 
whether  it  is  done  by  the  Towns  or  the  State,  but  rather  that 
we  should  commence  on  the  principal  roads  leading  from  the 
cities  and  boroughs  as  being  a  greater  benefit  to  the  public. 

Second  Part, — This  part  of  the  question  would  seem  to  imply 
that  macadam  was  the  only  thing  to  be  used  in  the  improve- 
ment of  our  country  roads.  Now  as  I  suppose  the  queetion 
was  asked  in  order  to  bring  forth  a  discussion  I  shall  differ  from 
the  one  who  wrote  it,  not  merely  for  a  discussion  but  because  I 
believe  that  macadam  is  not  the  thing  at  the  present  time  for 
the  improvement  of  our  country  roads  in  general  as  the  great 
cost  precludes  its  use  except  near  the  cities  or  boroughs.  Al- 
though macadam  is  the  cheapest  pavement  on  first  construction 
it  is  the  most  expensive  to  be  kept  in  repair,  consequently  it  is 
the  most  expensive  in  the  end. 

Many  people  who  have  seen  the  macadam  roads  of  England 
have  compared  them  with  our  roads  and  have  wondered  why 
we  can  not  b^VQ  as  good  ones  here.    They  do  not  seem  to  have 
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taken  into  consideration  the  ^ood  ones  ones  here.  Thej  do 
not  seem  to  have  taken  into  consideration  the  comparatively 
short  lime  that  this  conntrj  has  been  settled  as  compared  with 
England,  nor  the  fact  that  the  roads  of  England  were  all  built 
before  the  railroads  were  introduced  in  that  country  and  all  the 
freight  and  traffic  was  obliged  to  go  over  the  roads,  consequently 
they  were  obliged  to  have  good  roads.  In  this  country  the 
railroads  were  introduced  shortly  after  the  country  began  to  be 
settled  consequently,  there  is  not  the  demand  for  such  good 
roads  as  the  traffic  is  purely  local. 

Mr.  Clark,  in  his  article  on  the  life  of  John  Errickson,  in- 
cidentally says  "  that  for  a  century  prior  to  the  introduction  of 
raihroads  England  spent  X220,000,000  in  constructing  20,000 
miles  of  English  turnpikes,"  or  $550  per  year  for  each  mile. 

I  cannot  help  but  make  reference  to  two  statements  whioh  I 
saw  printed  in  a  paper  some  time  since,  which  seemed  to  me  to 
be  quite  absurd.  The  first  is, — That  there  has  been  spent  by 
Towns,  on  an  average,  $80  a  year  per  nule  for  repairs  on  the 
country  roads,  and  that  macadam  road  could  be  kept  in  repair 
for  $10  per  mile  a  year,  thereby  saving  $70  per  mile  a  year, 
which  would  soon  pay  for  a  macadam  road. 

I  find  that  the  average  cost  of  repairs  on  the  country  roads 
in  Connecticut  for  the  year  1889  (which  we  all  know  was  an 
exceedingly  rainy  one)  for  93  towns  heard  from  out  of  167,  to 
which  I  sent  circulars  to  ascertain  the  number  of  miles  and  cost 
of  repairs,  was  $34.04  per  mile.  While  the  cost  per  mile  may 
not  be  a  fair  average  of  a  number  of  years  for  the  town  alone, 
taken  collectively  they  make  a  fair  average  for  the  State. 

I  have  no  doubt  but  that  any  one  who  has  had  anything  to 
do  with  macadam  roads  or  has  looked  up  the  matter  at  all  will 
agree  with  me  that  $10  would  make  very  little  repairs  on  a 
mile  of  macadam  road. 

The  second  was  that  there  has  been  spent  in  the  last  100 
years  for  repairs  on  the  country  roads  enough  to  have  built  a 
good  macadam  road  and  (presumable)  keep  it  in  repair. 

Thin  macadam  cannot  be  well  laid  for  less  than  $5,000  per 
mile  on  an  average.    This  would  be  for  first  cost,  $50  per  mile 
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a  year,  to  say  nothing  of  repairs  and  renewal,  the  cost  of 
which  there  is  not  sufficient  data  to  form  a  fair  estimate  on, 
bat  for  a  low  estimate  I  would  suggest  $50  a  mile  per  year, 
which  would  make  a  total  expense  of  $100  a  mile  per  year. 

Experiments  have  been  made  with  thin  macadam  in 
Bridgeport  with  very  good  success  so  far,  but  it  remains  to 
be  seen  how  long  it  will  last.  Some  fifteen  to  twenty  years 
ago  the  experiment  was  made  in  the  northern  part  of  New 
Jersey,  with  seven-inch  macadam  and  it  proved  a  failure. 
The  first  two  or  three  years  it  kept  in  very  good  condition, 
but  after  that  it  was  in  a  horrible  condition  and  finally  it  had 
to  be  ploughed  up  and  a  twelve-inch  macadam  put  down, 
which  answered  the  purpose. 

I  would  suggest  that  in  preference  to  being  confined  strictly 
to  macadam  that  a  competent  man  be  employed,  preferably 
a  civil  engineer,  to  inspect  the  roads  and  let  him  decide  on 
the  best  material  for  any  given  place,  if  the  natural  material 
used  in  the  proper  manner  would  answer  use  that,  if  gravel 
use  gravel,  if  broken  stone  use  broken  stone,  or  any  other 
material  or  way  that  in  bis  judgment  would  be  the  best  in 
order  to  get  a  good  road  without  laying  out  an  unnecessary 
amount  of  money. 

Third, — ''Should  this  work  be  done  by  the  Towns  or  the 
State  as  affording  a  great  public  benefit?" 

It  should  not  be  done  by  the  Towns,  as  they  now  manage 
the  repairs  on  the  roads,  as  we  all  know  that  there  are  no 
systematic  repairs  on  the  country  roads  at  the  present  time. 
One  year  they  will  let  it  out  by  contract,  the  next  year  by  the 
day,  and  the  next  partly  by  the  day  and  partly  by  contract, 
and  so  it  goes  on  from  year  to  year,  no  two  years  being  alike, 
and  meanwhile  each  year  in  some  towns  the  farmers,  are 
working  out  their  tax.  This  is  generally  done  by  them  after 
planting  or  after  haying.  As  a  general  thing  they  do  not  get 
to  work  in  the  morning  until  about  eight  or  nine  o'clock,  take 
an  hour  and  one-half  to  two  hours  nooning,  and  quit  at  five 
o'clock  in  the  afternoon,  besides  taking  up  considerable  time 
in  discussion  of  politics  and  other  matters,  and  doing  about 
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one-qnarter  the  amount  of  work  which  might  be  done  by 
contract  under  inteUigent  supervision,  and  no  adjoining  towns 
working  in  unison  with  each  other,  so  that  while  the  roads  in 
one  town  may  be  in  a  fairly  good  condition  the  next  towns 
adjoining  are  just  making  their  repairs  and  the  roads  are 
hardly  passable. 

I  do  not  think  it  should  be  done  by  the  State,  as  the 
section  of  the  State  which  was  first  selected  would  first 
receive  the  benefit  of  the  money  paid  out  by  the  other  parts 
of  the  State  and  would  lead  to  considerable  trouble. 

I  would  suggest:  first,  that  all  work  on  the  roads  should 
be  done  by  contract  and  that  no  tax  should  be  allowed  to  be 
worked  out  by  the  day;  second,  that  the  work  should  be  done 
under  the  supervision  of  the  County  Commissioners,  who 
should  employ  a  competent  person  for  each  town,  as  an  in- 
spector of  the  roads,  who  shall  be  paid  a  salary  and  whose 
duty  shall  be  to  make  frequent  tours  of  all  the  roads  in  his 
district  and  see  that  the  roads  are  in  first-class  condition  and 
that  the  contractor  does  his  work  in  a  thorough  and  work- 
manlike manner  and  at  the  proper  time. 

Also,  that  the  State  create  a  board  of  Highway  Commis- 
sioners of  three  or  more  members  of  recognized  authority 
on  road  improvement,  to  whom  the  inspectors  of  highways 
may  have  access  for  advice  on  the  repairs  and  improvement 
of  the  roads  which  come  under  their  jurisdiction. 

I  append  a  table  of  the  replies  to  my  circulars  which  I 
received  from  the  93  towns  who  answered  it.  . 

Table  showing  cost  of  repairs  on  the  country  roads  in 
various  Towns  in  Connecticut,  with  the  total  cost  for  each 
Town  and  average  cost  per  mile. 
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COST 

TOWHS. 

or  MILBS. 

COST. 

PER  HILB. 

Andover, 

33.0 

1666.00 

$16.67 

Avon, 

.      45.0 

926.00 

20.65 

Berlin, 

164.0 

3,000.00 

19.48 

Bethany,     . 

.      70.0 

1,197.06 

17.10 

Bethlehem, 

62.0 

1,000.0Q 

19.22 
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Bloomfield, 

.     60.0 

1,638.22 

27.30 

Bolton, 

60.0 

800.00 

16.00 

Bozrah, 

.     46.0 

900.00 

20.00 

Bridgewster,    . 

60.0 

900.29 

16.00 

Bristol,       . 

.    150.0 

5,428.03 

36.19 

BarlingtoD, 

76.0 

1,316.83 

17.65 

Canaan, 

.      52.0 

960.00 

18.27 

Canterbury, 

98.0 

900.00 

9.18 

Chaplin,     . 

.      30.0 

606.00 

20.17 

Cheshire, 

100.0 

2,600.00 

25.00 

Chester, 

.      40.0 

2,160.00 

63.76 

Clinton, 

32.0 

700.00 

21.88 

Colebrook, 

.      65.0 

997.68 

15.34 

Comwadl, 

100.0 

2,000.00 

20.00 

Coventry,  . 

.    116.0 

2,660.00 

22.85 

Darien, 

45.0 

1,800.00 

40.00 

East  Hartford, 

.      30.0 

3,000.00 

100.00 

East  Haven,     . 

30.0 

1,600.00 

60.00 

East  Lyme, 

.      66.0 

1,200.00 

21.82 

Ellington, 

90.0 

1,460.00 

17.00 

Enfield,      . 

.      66.0 

13,079.72 

201.22 

Essex,  . 

13.0 

1,600.00 

123.08 

Farmington, 

.    106.0 

2,325.26 

22.15 

Glastonbury, 

.    120.0 

4,000.00 

33.33 

Goshen, 

86.0 

2,074.03 

24.40 

Granby, 

.    130.0 

1,386.62 

10.73 

Groton, 

86.0 

4,300.00 

50.59 

Haddam,    . 

.    100.0 

3,206.00 

32.05 

Hampton, 

60.0 

800.00 

13.33 

Huntington, 

.      65.0 

6,611.40 

86.33 

Killingworth,   . 

116.0 

910.00 

7.91 

Lebanon,    . 

.    116.0 

3,600.00 

30.44 

Lisbon, 

42.0 

784.00 

18.67 

Litchfield,  . 

.    200.0 

6,426.00 

27.12 

Lyme,  . 

46.0 

995.91 

22.13 
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Madison,    . 

.    102.0 

1,533.16 

15.03 

Marlboroagh,  . 

40.0 

1,174.00 

29.36 

Meriden,    . 

.      75.0 

4,188.00 

65.84 

iliddlebnrj,     . 

50.0 

1,000.00 

20.00 

Middlefield, 

.      35.0 

1,187.50 

33.93 

Middletown, 

134.0 

4,681.04 

34.93 

Montville,  . 

.    100.0 

3,000.00 

30.00 

Naugatack, 

75.0 

7,988.06 

106.51 

New  Milford, 

.    200.0 

5,314.16 

26.67 

Norfolk, 

75.0 

2,000.00 

26.66 

North  Branford,     . 

.      80.0 

1,395.31 

17.44 

North  Canaan, 

50.0 

900.00 

18.00 

North  Haven, 

.      80.0 

2,848.56 

35.60 

North  StoningtoD, 

100.0 

2.616.00 

25.16 

Norwalk, 

.    200.0 

10,244.57 

61.22 

Norwich, 

75.0 

9,409.86 

125.46 

Old  Lyme, 

.      25.0 

1,000.00 

40.00 

Old  Saybrook, 

30.0 

1,600.00 

63.33 

Plainfield,  . 

.    106.0 

3,760.23 

35.47 

Plainville, 

28.5 

887.02 

31.12 

Plymouth, 

.      85.0 

2,339.30 

27.52 

Pomfret, 

100.0 

2,449.39 

24.47 

Portland,   . 

.      75.0 

1,600.00 

21.33 

Preston, 

90.0 

1,700.00 

18.89 

Rocky  Hill, 

.      25.0 

600.00 

17.14 

Roxbnry, 

50.0 

1,100.00 

22.00 

Saybrook,  . 

.     42.0 

1,300.00 

30.95 

Scotland, 

40.0 

600.00 

16.00 

Sharon, 

.    128.0 

6,951.66 

15.00 

Sherman, 

50.0 

1,084.00 

21.68 

Simsbury,  . 

.    100.0 

2,000.00 

20.00 

Southington, 

141.0 

7,531.98 

53.41 

Soath  Windsor, 

.      70.0 

3,560.00 

50.71 

Stafford, 

50.0 

5,000.00 

100.00 

Sterling,    . 

.     53.0 

1,030.80 

19.43 
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OF  ini.B8. 

COST. 

COST 

FIB  )in.ie. 

Stratford. 

50.0 

1,200.00 

24.00 

Stoniogton, 

.      96.0 

8,000.00 

83.33 

SnfBeld, 

100.0 

4,161.62 

41.53 

TorringtoD, 

.    116.0 

5,626.00 

48.91 

Voluntown, 

75.0 

800.00 

10.66 

Warren,     . 

.      60.0 

1,483.26 

24.71 

Washington, 

145.0 

4,000.00 

27.68 

Waterbury, 

.    100.0 

11,173.89 

111.73 

Watertown, 

90.0 

3.158.00 

35.90 

West  Hartford, 

.      70.0 

2,937,33 

41.96 

Weston, 

50.0 

850.00 

17.00 

Westport,  . 

.      85.0 

2,500.00 

29.41 

Willington, 

104.0 

1,323.00 

12.72 

Wilton, 

.      80.0 

1.500.00 

18.75 

Windsor  Locks, 

22.0 

1,081.16 

49.14 

Woodbnry, 

.    100.0 

2,309,71 

23.10 

Woodstock.      . 

150.0 

4,600.00 

30.66 

7,283.5       251,222.76  34.04 

W.  H  BURNETT, 

I^or  the  Committee, 


REPORT  OF  COMMITTEE  ON  WATER  WORKS. 

Under  what  circumstances,  i|  any,  is  it  admissible  to  leave 
ordinary  surface  soil,  black  loam,  in  the  bottom  of  a  reser- 
voir, storing  water  for  domestic  use? 

All  reservoirs  used  as  distributing  reservoirs  should  be 
thoroughly  cleared  of  all  muck  and  vegetable  matter.  Res- 
ervoirs not  so  used  may,  under  certain  conditions,  give  fairly 
good  results  during  parts  of  the  year,  and  if  their  services 
can  be  dispensed  with  for  such  time  as  the  water  is  affected, 
usually  about  four  months  in  each  year,  will  answer  the  pur- 
pose for  which  they  are  intended,  equally  well  with  those 
cleared  of  all  perishable  matter.    However,  these  conditions 
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will  not  usually  maintam,  as  the  time  at  which  the  ponded 
water  is  most  affected  is  during  that  portion  of  the  year 
when  its  use  is  necessary  for  maintenance  of  supply,  and 
also  at  a  time  when  the  public  health  is  most  liable  to  be 
affected  by  impurities.  The  only  safe  plan  is,  therefore,  to 
clear  thoroughly  all  basins  used  for  storage;  furthermore,  as 
these  basins  are  natural  gathering  points  for  all  impurities 
washed  from  the  whole  water  shed,  which  are,  in  their  nature, 
often  more  objectionable  than  anything  developed  in  the 
reservoir,  it  follows  that  even  greater  care  should  be  taken  of 
the  drainage  area  than  of  the  basin  itself. 

J.  H.  MgEenzie, 
E.  H.  Phipps, 
Henry  W.  Ayres. 

REPORT  OF  COMMITTEE  ON  RAILROADS. 

What  is  the  best  method  of  connecting  and  supporting  the 
ends  of  rails  ? 

To  begin  with,  we  may  consider  the  rails  as  so  many  gird- 
ers resting  on  a  certain  number  of  tie  supports,  and  that  the 
ends  of  these  girders,  unless  receiving  extra  support,  will 
deflect  under  a  passing  load  several  times  as  much  as  the 
center.  For  the  reason  that  a  half  beam  fixed  at  one  end  and 
loaded  at  the  other  always  deflects  several  times  as  much  as 
the  whole  beam  fixed  at  both  ends  and  loaded  in  the  middle. 
Now,  a  perfect  track  requires,  among  other  things,  that  the 
rails  should  at  all  points  deflect  some  nearly  uniform  frac- 
tional part  of  an  inch  only,  and  since  the  ends  of  the  rails 
deflect  so  much  more  than  the  center,  the  question  at  once 
arises,  "Why  not  do  away  with  the  ends  by  connecting  them 
in  such  a  manner  that  they  will  form  practically  one  rail  ?" 
Tes;  but  how?  The  introduction  of  the  fish  plate  was,  I 
think,  the  first  step  in  this  direction.  That  connected  the 
ends  by  a  splice,  which,  when  first  put  on,  seemed  almost  to 
fill  the  requirements.  But  it  failed  to  be  a  perfect  joint,  for 
while  it  prevented  any  large  deflections,  it  was  ppt  proof 
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against  small  ones  whicb,  by  the  wearing  of  the  plate  from 
the  continued  wear  and  pressure  from  under  the  bead  of  the 
rail,  increased  until  a  striking  force  could  act,  causing  a  still 
more  rapid  wear  of  the  plate,  and  consequently  increased 
deflections. 

Lengthening  of  the  fish  plate  and  the  introduction  of  an 
extra  tie  made  another  step  in  the  improvement  of  the  track 
But  I  think  the  gain  there  came  more  from  the  extra  tie  than 
from  the  additional  leugth  of  fish  plate.  The  same  causes 
that  made  the  short  plate  fail  of  being  a  perfect  joint  oper- 
ating upon  the  long  one  only  in  a  lesser  degree  owing  to  the 
extra  support  given  the  joint  by  the  additional  tie. 

This  suggests  another  way  of  reaching  what  we  want.  We 
cannot  very  well  introduce  still  more  ties  at  the  joint  to 
stiffen  it,  but  if  we  can  make  those  already  at  the  joint  do 
more  work  than  the  others  by  working  together  and  support- 
ing loads  for  a  longer  time  we  have  what  amounts  to  the 
same  thing. 

This  is  done  more  or  less  perfectly  by  several  of  the  under 
support  joints,  and  it  is  in  this  direction,  I  think,  that  we 
shall  have  to  look  for  the  most  perfect  support.  When  we 
find  a  joint  that  will  add  to  the  ends  of  the  rails  a  resistance 
to  deflection  sufficient  to  equal  that  at  the  center  we  have 
approached  the  object  of  our  search,  and  when  we  succeed 
in  connecting  the  ends  of  the  rails  so  that  one  will  not  deflect 
in  the  slightest  manner  without  the  others  deflecting  to  an 
equal  extent,  and  at  the  same  time  have  allowed  a  chance  for 
free  expansion  and  contraction,  we  have  done  about  all  we 
can.  One  might  say  that  these  requirements  fulfilled  would 
make  any  joint  perfect.  Perhaps  so,  but  I  think  these 
requirements  will  be  realized  much  sooner  in  the  under  sup- 
port joint  tban  in  any  combination  of  fish  plate  and  angle  bar. 

There  is  one  trouble  that  often  comes  up  and  which  no  kind 
of  a  joint  will  remove,  and  that  is  that  owing  to  imperfect 
rolling;  there  is  sometimes  a  camber  to  the  rails,  so  that  when 
the  bases  are  brought  to  the  same  plane  the  heads  will  not  be 
in  line,  and,  of  course,  when  the  heads  are  brought  into  line, 
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the  bases  will  be  thrown  out.  This  fault  is  more  noticeable 
in  the  under  support  joints,  so  far  introduced,  than  in  the  fish 
plate  and  angle  bar,  for  in  the  latter,  the  ties  can,  in  a  measure, 
be  fitted  to  the  base.  Another  strong  point  for  the  fish  plate 
is  the  ease  with  which  it  can  be  removed  or  put  on  at  all 
seasons  of  the  year.  Where  track  has  to  be  changed  or  re- 
paired, often  in  frozen  ground,  this  becomes  quite  an  item. 
But  after  all  I  do  not  think  that  the  fish  joint  can  ever  be 
perfected  so  that  it  will  proof  against  the  small  deflections 
which  must  prove  distructive  to  the  joint.  Whether  they  can 
be  entirely  done  away  with  in  the  under  joint  I  do  not  know 
but  I  think  there  is  more  reason  to  expect  it.  Certainly  a 
broader  bearing  surface  and  slower  wear  can  be  obtained. 

W.  G.  SMITH, 
For  the  Committee  on  Railroads, 

EEPORT  OF  COMMITTEE  ON  LAWS. 

Gentlemen  of  the  Connecticut  Association  of  Civil  En- 
gineers and  Surveyors  : 

Your  committee,  to  whom  was  referred  the  question, 
"  What,  if  any,  are  the  laws  of  this  State  governing  the  loca- 
tion of  bounds  between  private  property,  also  between  pri- 
vate property  and  streets  ;  and  between  towns?  By  location 
is  meant  the  position  of  the  bounds  with  reference  to  the 
boundary  lines,"  would  respectfully  report  that  they  have 
made  a  careful  study  of  the  statutes  of  the  State  and  findings 
of  the  courts,  and  can  find  nothing  that  distinctly  covers  the 
point  in  question. 

There  are,  however,  two  references  in  the  statutes  which 
indirectly  and  rather  iudefiuitely  allude  to  this  subject. 

The  first  is  paragi'aph  182,  revision  of  1888,  and  refers  to 
bounds  between  towns  and  boroughs. 

It  reads  as  follows :  "  Every  town  and  borough  shall  procure 
its  bounds  to  be  set  out  by  plain  and  durable  marks  and 
monuments,  towns  by  a  large  heap  of  stones  or  a  ditch  6  feet 
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long  and  2^  feet  wide  of  ordinary  depth,  and  boroughs  by 
stone  pillars  set  two  feet  in  and  one  foot  above  the  ground,  at 
every  corner,  and  once  in  every  80  rods  in  the  lines  running 
from  corner  to  comer."  The  second  paragraph  having  refer- 
ence of  divisions  between  private  lands  is  numbered  2273  and 
reads  as  follows:  "  The  proprietors  of  lands  shall  make  and 
maintain  sufficient  fences  to  secure  their  particular  fields, 
and  a  rail  fence  4^  feet  high,  a  stone  wall  4  feet  high,  well  and 
substantially  erected,  a  barbed  wire  fence,  consisting  of  four 
strands  tightly  stretched,  not  to  exceed  twelve  inches  apart, 
the  lower  strand  not  more  than  twelve  inches  and  the  upper 
strand  not  less  than  four  feet  from  the  ground,  with  good 
substantial  posts  not  more  than  sixteen  feet  apart,  and  any 
other  fence  which,  in  the  judgment  of  the  selectmen,  shall  be 
equal  to  such  a  fence,  shall  be  deemed  a  sufficient  fence ;  and 
adjoining  proprietors  shall  each  make  and  maintain  half  of 
the  divisional  fence,  which  shall  have  its  center  in  the  middle 
of  the  dividing  line,  and  shall  not  exceed  in  width,  if  a 
straight  wood  or  hedge  fence  two  feet,  if  a  brick  or  stone 
fence  three  feet,  if  a  crooked  rail  fence  six  feet,  and  if  a  ditch 
eight  feet,  not  including  the  bank,  which  shall  be  on  the  land 
of  the  maker." 

Beyond  these  two  allusions  the  statutes  seem  to  be  silent, 
and  neither  of  these  seem  to  very  satisfactorily  cover  and 
answer  the  question  propounded  to  us. 

Respectfully  submitted, 

C.   H.  BUNCE, 
W.  H.  OUfSTED, 

B.  K.  Field, 

Committee  on  Laxos. 
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HONORARY  MEMBERS. 
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ACTIVB  MBMBBaS.— 6'(m/tnii«(l. 

DfttoofI 
Alfred  T.  Bbckwith, Civil  Engineer,  Perth  Amboy, 

N.J Oct.27.188« 

Oeobgb  H.  Bishop Hydraulic    Engineer,    Middle- 

town,  Conn Jan.  18, 1885 

James  P.  Booart Engineer    Connecticut     Shell 

Fishery   Commission,    New 

Haven,  Conn April,     1884 

D.  8.  Brimsmadb, Engineer  of  Ousatonic   Water 

Works,  Birmingham,  Conn.  April.    1884 

Charles  H.  Bunce, Civil  Engineer.  Hartford,Conn.  April,    1884 

E.  L.  Brown, Civil  Engineer,  Brocton,  Mass.  Oct  27,  1886 

William  H.  Burnett, Civil  Engineer,  Nowich,  Conn.  Jan.  18, 1885 

LuTHBB  W.  Burt. Civil  Engineer.  Hartford,  Conn.  Jan.  13, 1886 

Robert  A.  Cairns,  City     Engineer,     Waterbury, 

Conn Aug.  89,1890 

Ralph  B.  Carter, Civil    Engineer,    Glastonbury,  • 

Conn Jan.  14, 1890 

Charles  E.  Chandler.  . .   .  City  Engineer,  Norwich,  Conn.    April,     1884 

Edgar  Clark, Putnam,  Conn June,     1887 

WiLUAM  B.  CooHRANB, Civil  Engineer  and  Surveyor, 

Stamford,  Conn Jan  14,  1890 

WiLLLiM  S.  Clark, City  Engineer,  Meriden,  Conn.    Jan  14, 1890 

R.  C.  P.  CoooBSHALL, Engineer  and  Superintendent 

Water  Works,  New  Bedford, 

Mass June,     1887 

George  E.  Crandall, Assistant     Engineer    of     the 

Sewer     Department,     New 

London,    Conn Jan.  11, 1887 

Hiram  Cook, Civil  Engineer,  Norwich,  Conn.    April,    1884 

Henrt  L.  Davis, Civil    Engineer,   Wallingford, 

Conn Jan.14,1890 

A.  B.  Drake, City  Engineer,  New  Bedford, 

Mass June,     1887 

J.  E.  Dutton, Civil  Engineer,  Niantic,  Conn.    June.     1887 

Burr  E.  Field Assistant  Engineer  of   Berlin 

Bridge   Co.,    East    Berlin, 

Conn Sept.25,1885 

Robert  Fbnton Civil    Engineer,   Willi mantic. 

Conn Oct27,1887 
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AOnVB  MBMBERS.— Con/ifiiMd. 

Dftti  of  KleeCiotu 

Sdwih  p.  Gabditir, Ciyil  Sngineer,  Norwich,  Conn.    Deo.  8,  1888 

ALBEKt  8.  Gloybi, West  Newton,  Mass Aug.  29,1890 

Bdwasd  0.  Gk)8S, Engineer    SootUI    Mtg,   Co., 

Waterbury,  Conn Not.  29,1890 

S.  C.  HiALD, Ciyil     Engineer,     Wcrcetter, 

Mass April,    1884 

Sdwih  A.  Hill, .Chief    Engineer  Indianapolis, 

Decatur  &  Springfteld  B.  R. 

Indianapolis,  Ind Jan.  18, 1885 

AxTHum  H.  flowuLND, HjTdranlio  Engineer,   Boston, 

Mass April,    1884 

BftADLiT  U.  Hull, Ciril  and  Hydraulic  Engineer, 

Bridgeport,  Conn April,    1884 

RoBiBT  S.  HuLBURT, Civil  Engineer  and  Surrejor, 

West  Winsted,  Conn Jan.  18, 1885 

Chjlslis  M.  Jabvis President  and  Chief  Engineer 

of  Berlin  Bridge  Co.,  East 

Berlin,  Conn April,    1884 

Lawbbncb  B.  Jxvckxs, Engineer  Water  Works,  Man- 
chester, Conn Aug.  29,1890 

JoHH  F.  Jams, Civil  Eng^ieer,  Black's,  S.  C. . .    Jan.  18, 1885 

William  E.  JoHBSOH, Ciyil   Engineer,    Glastonbury, 

Conn .'.    Noy.29,1890 

G.  A.  Knre, Taunton,  Mass Oct  27, 1880 

J.  W.  Khowltoit, Bridgeport,  Conn Jan.11,1887 

Hbnbt  J.  Ebllooo, New  Hayen,  Conn April,    1884 

Frkdbbick  W.  LaFobgb.  . .  .Ciyil  Eng.  Waterbury,  Conn. . .    Jan.  18, 1885 

HnuM  G.  Looms, Civil  Engineer,  Hartford, Conn.    April,    1884 

Geobob  K.  McEwek, Civil  Eng.,  Bridgeport,  Conn.    April,    1884 

J.  M.  McEenzib, Civil   Engineer,  Southington, 

Conn April,    1884 

Thbodobe  H.  McEbhzib.  . .  .Engineer  Water  Works,  South- 
ington, Conn April,    1888 

Alixahdbb  D.  McLean,.... Civil  Engineer  and  Surveyor, 

Wallingford,  Conn. Jan.  18, 1885 

SHBLflTON  E.  Mnmt, Assistant  Engineer  U.  S.  Army. 

Improvts.     Address  Oreen- 

wich.  Conn Sept.25,1880 

Wqjjam  H.  Olmstbad,.  . .  .  .Civil  Engineer,  East  Hartford, 

Conn Jan.14,1890 
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Date  of  BmHoa. 

JoBH  I.  OsBORNB, OiTil  Bogiii«er,    Mt  Cannely 

Ck>iiiL Jail19;1886 

W1LLUKB.P1LIIBB,.. CiTil  Knginaw  and  Surrejor, 

Bridgeport,  Oonn Jan.  18,1885 

AmTHum  J.  PATTOir, CiTil  Bng.,  Waterborj,  Ck>nn.  Septlfl;188i 

John  R.  Pattibsov. CiTil  Knginear  and  SnrTeyor, 

Straator,Colo April,    188i 

C.  Y.  Pknixlitov, CiTil  Bnginaar,Tantio,OonB..    Jone^     1887 

William  B.  PiTTBi, CiTil  and  Mining  Engineer, 

LakeTille,  Conn April,    1884 

Bdwabd  N.  Phxlps, CItU Bnginetr, Winadaor, Conn.    Jan.l8kl891 

Stbfhiii  C.  Pmaov, CItU  Engineer,  Meriden,  Conn.    Jan.  18^  1885 

Bdwaed  N,  Pikb, CiTil  Engineer,  Assistant  Eng. 

Hartford     Water    Works, 

South  Killingly,  Conn Aug.  19,1890 

QioBOB  E.  PrroHSB, CiTil  Engineer  and  Sunreyor, 

Norwich,  Conn Jan.11,1887 

Daniel  Qoffb  Phipps, Preddent  Conneotiout  Patent 

Water  Pipe  Co.,  Hew  Ha- 

Teii,Conn April,    188i 

Edwaed  H.  Phipps, Engineer  Conneotiout    Patent 

Water  Pipe  Co.,  New  Ha- 

Ten,Conn April,    1884 

NathaxiblC.  Rat, Assistant  Engineer  on  Union 

Paciflo  B.  R.,  Omaha,  Neb.    Jan.  18, 1884 
Walrr  H.  RiGHABDS, Engineer    Sewer  Department 

and  Superintendent  Water 
Woit:%NewIiondon,Conn.    April,    1884 
William  B.  Ribib, Hydraulio  Engineer,  Norwalk, 

Conn 

Joseph  B.Bideb, CiTil  Engineer,  South  Norwalk, 

Conn Jan.14,1890 

Aetbub  W.  Rice, Citj  Engineer,  New  Britain, 

Conn April,    1884 

Samuel  B.  Bobbinb, Ciril     Engineer,     CoUinston, 

Utah, NoT.17,1888 

Ralph  J.  Saeoi, Ciril  Engineer  and  SurTeyor, 

Pomlret,  Conn April,    1884 

W.  M.  P.  Sbbltov, SurTeyor,  Torrington,  Conn. . .    Aug.  99, 1890 

WiLUAM  O.  Smith, CiTilEng,,  Waterimry,  Conn..    April,    1884 
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ITilw  nf  ITltaMiiiL 

Albbt  F.  Sfbhobb, Civil  Engineer  and  Sorreyor, 

Bridgeport,  Conn April,    1884 

Ij.A.Tatlob, Ciril  Eng.,  Worcester,  1Ia88.  .    June,     1887 

C.  H.  Tbuisdill, Oiril  Engineer.Oentnd  Village, 

Oonn Jane,     1887 

Waltbb  Watbon aTil£Dg.,Pitt8lleld,liM8....    Jan.18,1885 

A.  R.  Waoswobth,.  .......  .Ciyil    Engineer,  Farmington, 

Conn Oct27,1888 

ICsLMV  J.  WiLTov, Engineer  Water  Worka,  Wa- 

^  terfonry,  Oonn April,    1884 

JoiL  M.  WHOLn, Civil  Engineer,  Anaonia,  Oonn.    June,     1887 

Fbakk  W.  Whitlock, Civil    Engineer,    Waterbary, 

Conn April,    1885 

J.  K.  WnJOEB, City  Engineer,  Hew  Rochell^ 

N.Y April,    1884 
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IMPROVSD 

Engineering  and  SnxreTing  Instruments, 

No.  9  PROVINCE  COURT.  BOSTON.  MASS. 

Ther  aim  to  secure  in  their  Instraments:— il<vura<:v  of  dititUm;  SimpUcUjf  in 
tnanimUatian;  Ughtneu  combined  iHlh  strength:  Acromatle  uUecope*  with  high  power; 
8t^aaine»9  qf  cuHjtutmenU  under  varying  temperatures;  Stiffness  to  avoid  of^f  tretnory  even 
in  a  strong  wind,  and  thorough  workmanship  in  every  part. 

Their  instruments  are  in  ireneral  use  hj  the  U.  8.  Oovemment  Bnffineers,  Geolo- 
gists and  Surreyors,  and  the  range  of  instruments,  as  made  hj  them  for  RiTer,  Har- 
bor, City,  Bridge,  Tunnel,  Railroad  and  Mining  Bugineerlng,  as  well  as  those  made  for 
Triangulation  or  Topographical  Work  and  Land  Surreying,  etc,  is  larger  than  that 
of  any  other  firm  in  the  country. 

Iliustrated  Manual  and  Catalogue  sent  on  Application. 

CHARLES  P    MERWm,       '. 

STEAM  BRICK    MAKER 

MAjriTFAOTUBBB  OF 

PALLET  FACE,  SEWER  AND  MOULDED  BRICK. 

Office  and  Yards:— One  Minute's  Walk  from  Berlin  Depot. 

HELLER  &  BRIGHTLY, 

Engineering, 

Snryeying  and 

Astronomio&l 

INSTRUMENT  MAKERS 

Cor.  Spring  Girden  and  RMg*  Ave., 
PHILADELPHIA,  PA. 


ZNSTBUKSNTS   Of   FBBOZSZON. 


Messrs.  HBLLER  &  BRIGHTLT 
publish  a  Book  oontainioff  Tables 
and  Maps  useful  to  CiTil  Engineers 
and  Surveyors,  also  contains  mnch 
valuable  information  respecting  the 
selection,  proper  care,  and  nse  of 
Field  Instruments.  A  copj  of  this 
Book  they  send  bj  maU,  postpaid  to 
<an7  Civil  Engineer  or  Surveyor  in 
any  part  of  the  world  on  receipt  of  a 
postal  card,  containing  the  name  and 
post  office  address  of  the  applicant 
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Send  Polices  of  latlings,or  bridga  esilmatas  required. 


liGtHCRts. 


ttuio  jvcmic  vuouci:  sl  loui%  mo.  swdstiiuciuib  stul. 


IRDi  AMD  STEEL  EYE  BARS,  GIRDERS  AND  ST1!UCTURAL  W.ORK« 
piAHS  tmoEsnwatM  amo  sunvtvs  rau  op  cost* 


E8TABT.TBHBD    1865. 


The  Connecticut  Pipe  Mfg.  Co., 

—  ENGINEERS  AND  eONTRAeTORS  — 

FOR  WATER  WORKS  AND  SUBWAYS  FOR  ELECTRIC  WIRES. 


The  Phipps'  Patent  Underground  Pipes  a  Specialty. 


Office  and  Works, 

WEST  HAVEN.  CONN. 


Post  Office  Address, 

NEW  HAVEN,  CONN, 
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ESTABLISHED    ISflO. 


YOUNG  6c  SONS, 


MAvuFAonnunw  of 


Eqiiqeiirliii,  Hlfliiii  ami  Sonrqin 
liistniiimts. 

No.  43  NORTH  SEVENTH  ST., 

PHILADELPHIA. 


Chat.  W,  BtakttlM. 


D.  A,  BlaketUe, 


2>.  W  BtalMim. 


C.  W.  BLAKESLEE  &  SONS, 
GENERAL  •  CONTRACTORS. 

Block  and  Broken-Stone  PaTement  Laid.     Railroads,  Dams,  Sewers 
and  Bridge  Abutments  Built    Building  Stone  Furnished. 

660  GEORGE  ST. NEW  HAVEN,  CONN. 

TIE  lEW  EHEIPID IIIWI STIIE  CO., 

OONNEOTIOUT   BROWN   STONE, 

Fine  Boilding  Stone,  Monumental  Stone,  Bubble  for  Church  Work, 

Bridge  Stone  for  Railroad  and  Hifchwaj  Bridges,  Retaining 

Walls,  etc.    Stone  for  Piers,  Whanres,  Forts, 

Storehouses,  Foundation  Stone 

SHIPPED  BY   BAZXi  OB  WATEB. 

Quary  and  Office:    CROMWELL^  MiddUmx  Oo.^  CatmeeHeui. 

Adt  &  Brother, 

LANDSCAPE     PHOTOGRAPHERS. 

BNQINBBRINQ   WORK  A   SPECIALTY. 


56  BANK  8TBEET, 


WATEBBUBT,  OONN. 


1^ 

&         Q        Q        Q        Q        Q 

Lawrence  Cement  Co. 

MAHUTAOTUBBRB  OF  THB 

"HOFFMAN" 

ROSEHDJILE  CEMENT. 

Sipeilir  (naOti.   UiqialM  Uiifomiti. 

Expressly  Adapted  for  Work  Under  Water. 

Send  for  '^TrefttiBe  od  Cement" 

M.  ALBERT  8CULL,  )  Gen.  Sales 

ERNEST  R.  ACKERMAN,    (    Agents. 

67  WILLIAM  STREET,  NEW  YORK. 


lb  b  fe  fe  lb  h) 

21  521  21  g  21  2 
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The  Farrel  FomIIit  &  Hade  Co. 

AN80NIA,  CONN. 

CHILLED    ROLLS,  HEAVY    ROLLING   MILL 

MACHINERY. 

Ore  Crushers,  for  Making  Ballast  and  Concrete. 


This  style  of  Book  Breaker,  after  16  years'  praotioal  test  at  Home  and 
Abroad,  bas  prored  to  be  tbe  Best  ever  designea  for  the  purpose  of  Break- 
ing all  kinds  of  hard  and  brittle  sabstanoes,  sncb  as  Qoarts,  Emery,  Oold 
and  Silver  Ores,  Coal,  Plaster,  Iron,  Copper,  Tin  and  Lead  Ores. 

THn  waleiiini  Fantl  Fomilni  &  MIiie  go. 

WATERBURY,  CONN. 

POWER  PRESSES,  HYDRAULIC  PRESSES, 
RIVET  MACHINES. 


Contractors  for  SEWER  CASTINGS,  Manhole  Heads  and 
Steps,  Fresh  Air  Inlets,  and  Special  Castings  of  any  kind. 
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THE    HERSEY    METER 

18  UHITSRSALLT  ACKSOWLEDOID  TO  !■ 

The  Most  Durable  and  Reliable  Water  Meter 
in  the  Market. 

TBIAL  MBTSRS,  ILLUSTRATBD  CIRCULARS  AMD  PRICE-LISTS 
UPON  APPLICATION. 


IXTTESTIGATE  AND  BE  CONVINCED. 


Al$olut$  satiifaction  guaranteed  or  purchase  money  refunded. 


HERSEY  MANUFACTURING  COMPANY, 

SOUTH  BOSTON,  MASS. 
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faaclmsells  Millie  of  locUog; 


Boston,  NIass. 


Courses  in  Civil,  Sanitary,  Mechanical,  Electrical, 
Mining  and  Chemical  Engineering;  also  in  Archi- 
tecture, Chemistry,  Physics,  Biology,  Geology  and 
General  Studies. 

Courses  in  Civil  and  Sanitary  Engineering  give 
special  attention  to  matters  of  Municipal  Engineering, 
Sewerage  and  Water  Supply,  Chemical  and  Biological 
Examination  of  Water,  Water  Purification  and  Sew- 
age Disposal,  Theory  of  Structures,  Heating  and  Ven- 
tilation, Highway  Engineering,  etc. 

Special  facilities  are  afforded  for  experimental  work 
in  Hydraulics,  both  in  the  laboratory  and  in  the  field. 

For  catalogue  and  information  address 

J.  B.   SIEiTOBZ,  Jl^, 

Secretary. 
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•  CONTRACTOR,  • 
Grading,  Water  Works,  Sewers,  Etc. 

Estimates  Furnished  at  Short  Notice. 
WATERBURY,  CONN. 


<s\_ 


[BSTABUSHBD  1845.] 


W.  &  L.  E.GURLEY, 

LBTgwt  XanslMtiiren  In  America  of  CIVIL  SN0INBKR8*  and  BTTBVSTOBS'  TSAKSTTS, 
T  LMVWL^  COMPAfiUS,  LEVELING  RODS,  CHAIH8,  Bte. 


Daalira  in  Steed  and  Metallic  Tape  Lines,  Barometers,  Anemometers,  Drawing  Instnmente, 

Piper,  VeQnm,  Colors  and  Brnahes,  Protractors,  Scales  and  Roles,  T  Squares,  Triangtos, 

Oonres,  Pocket  Compasses,  MagnUlera,  Telescopes  and  Field  Glasses, 

India  Inlh  Bnbber,  PeoeUs,  Pens,  Ite.,  Btc. 

PRICE  LI8T.:iLLU8TRATED,  MAILED  ON  APPLICATION. 


ZZ  ZIZLIX  lEOX  BRIDGE  GO.. 


BEBLIHt  CONN. 


H^^>oifci  and  Highway  Bridges, 
Ircn  B00&  I^ran  Buildings. 


.^  B.  o3.t:s. 


Vice  P]resident 


'100  7  6  2 


CONNECTICUT  ASSOCIATION    ^ 

CM  Engineei'^  ^i  ^ui'VeiJoi'^. 


Proceedings  of  JJeetings 


HELD 


•zjuiiiLlO-M  SflptwahBr-^BM .  ami  January  12,  \m. 


^ 


C^' 


~ 


THE  BERLIN  IRON  BRIDGE  GO., 


EAST  BERLIN,  CONN. 


Iron  Railroad  and  Highway  Bridges, 
Iron  Hoofs,  Iron  Buildings. 


CHAS.  M.  JARVIS,  BURR  K.  FIELD, 

Prest  and  Chief  Bngineer.  Vice  President 

GEORGE  H.  SAGE,  Secretary. 

FRANK  L.  WILCOX,  Treasurer. 


\ 
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COMCTICDT  ASSOCIATION 


OF 


Civil  Engineei'^  aqd  ^iii'Vei|oi'^. 


Proceedings  of  Meetings 

HELD 

-  Jiuir  10  iiiid  rfwwiiff  ft,  iMr-aDd  January  12, 1892. 


O0F.EXCH.   i    JtTU    laOi 


THE  BEP 


X 


/ 


/ 


/ 


k 


\PUBLICU-- 

ASTO«.  lEN^  ,    ... 
TfLOtN  K     , 

EIGHTH  ANNUAL  MEETING 

OF  THE 

CONNKCTICDT  ASSOCIATION  OF  CiVIL  ENGINEERS  AND  SURVEYORS, 

HELD  AT  THB 

City  Surveyor's  Office  in  Hartford, 

January  12,  1892. 


The  meeting  was  called  to  order  at  11  a.  m.  by^  President 
Augur. 

The  Secretary  and  Assistant  Secretary  being  absent,  C. 
E.  Chandler  was  appointed  secretary  pro  tern. 

The  minutes  of  the  last  annual  meeting  having  been 
printed  and  distributed,  the  reading  of  the  same  was  dis- 
pensed with. 

The  minutes  of  the  meetings  held  during  the  year  at 
Hartford  and  Birmingham  were  read,  accepted,  and  ordered 
printed. 

In  the  absence  of  the  Treasurer,  Mr.  Bunco  of  the  Execu- 
tive Committee  made  some  statements  concerning  the 
finances  of  the  Association.  He  stated  that  the  proper 
vouchers  covering  all  bills  against  the  Association  had  been 
received,  found  correct  and  audited,  and  that  there  was  a 
small  balance  of  cash  in  the  treasury,  besides  a  considerable 
amount  due  for  advertising  and  unpaid  membership  fees. 

The  Executive  Committee  were  instructed  to  fully  in- 
vestigate the  financial  affairs  of  the  association  and  report  at 
the  next  meeting. 

It  was  voted  that  a  committee  of  two  be  appointed  by  the 
Chair  to  prepare  a  resolution  fixing  the  salary  of  the 
Secretary  and  Treasurer  and  the  amount  of  security  to  be 
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furnished  by  him.  The  Chair  appointed  Messrs.  LaForge 
and  Olmstead  as  such  committee. 

The  report  of  the  special  committee,  appointed  at  a 
previous  meeting,  to  prepare  a  brief  biographical  sketch  of 
Mr.  H.  L.  Wheeler,  a  member  who  died  last  spring,  was  read, 
accepted,  and  ordered  printed. 

The  following  officers  were  elected  for  the  ensuing  year : 

President — E.  P.  Augur. 
First  Ttce-President — F.  W.  LaForge. 
Second  Vice-President  —  W.  G.  Smith. 
Secretary  and  Treasurer  —  A.  R.  Wadsworth. 
Assistant  Secretary  —  A.  J.  Patton. 

Executive  Committee. 
E.  P.  Augur,  E.  H.  Phipps, 

C.  H.  Bunce,  B.  K.  Field, 

T.  H.  McKenzie, 

Membership  Committee. 

C.  E.  Chandler,  H.  L.  Daris, 

W.  G.  Smith. 

The  special  committee  appointed  by  the  Chair  made  a 
report  recommending  that  Article  Six  of  the  Constitution 
be  amended  by  adding  the  following :  "  The  Secretary  and 
Treasurer  shall  receive  a  salary  of  $25  per  annum,  and  shall 
give  a  bond  or  security  for  the  faithful  performance  of  the 
duties  of  his  office,  which  bond  or  security  shall  be  satisfac- 
tory to  the  Executive  Committee." 

It  was  voted  that  the  Secretary  be  instructed  to  take  the 
proper  steps  to  bring  this  amendment  before  the  Association 
at  its  next  meeting. 

By  invitation  of  the  President,  Mr.  Pierson  of  Meriden 
exhibited  an  excellent  map  of  that  city  which  he  had  recently 
prepared  and  published. 

At  12.30  a  recess  was  taken  for  dinner. 

The  meeting  was  called  to  order  at  2  p.  M. 

The  President  read  his  annual  address.  , 


PRESIDENT'S  ADDRESS. 

The  Connecticut  Association  of  Civil  Engineers  and  Sur- 
veyors was  organized  at  Bridgeport  in  January,  1884,  with 
eighteen  active  members.  At  a  later  meeting,  held  at  New 
Haven  in  April  of  the  same  year,  a  more  perfect  form  of  or- 
ganization was  adopted,  and  several  other  names  were  then 
added  to  the  list  of  members,  making  in  all,  at  that  date,  five 
honorary  and  thirty-eight  active  members.  The  member- 
ship of  the  association  has  steadily  increased,  until  at  pres- 
ent it  numbers  eighty-one  active,  seven  honorary,  and  two  as- 
sociate members. 

The  eight  years  of  its  existence  have  amply  demon- 
strated the  benefits  and  advantages  of  such  an  organization. 
Notwithstanding  some  obstacles  to  its  progress  and  success, 
the  association  begins  another  year  with  good  prospects  for 
continued  usefulness  and  prosperity. 

The  prominent  feature  of  the  President's  address  for  the 
last  two  or  three  years  has  been  a  concise,  but  somewhat  de- 
tailed, statement  of  the  engineering  work  of  the  members 
of  the  association  for  the  year  just  closed.  At  the  annual 
meeting  two  years  ago  it  was  voted  that  the  members  be  re- 
quested to  forward  to  the  President  a  summary  of  the  engi- 
neering work  done  by  them  during  the  year,  to  be  incor- 
porated in  the  annual  address.  This  plan  was  adopted  with 
the  purpose  of  thus  preserving  a  connected  and  permanent 
record  of  the  engineering  work  of  the  members  of  this  as- 
sociation. In  accordance  with  this  vote,  a  circular  letter 
was  recently  sent  to  each  member  of  the  association,  asking 
for  a  brief  report  of  his  engineering  work  during  the  past 
year.  Responses  have  been  received  from  thirty-nine  mem- 
bers, from  which  it  appears  that  at  least  twenty-two  members 
of  the  association  have  been  engaged  in  city  or  borough 
engineering,  eighteen  have  been  connected  with  water-works, 
four  with  the  designing  or  construction  of  dams  for  water 


power,  three  have  been  employed  on  railroad  work,  five  on 
bridges  and  similar  structures,  one  in  mechanical  engineer- 
ing, and  three  as  agents  or  salesmen  for  manufacturing  com- 
panies. 

Under  the  head  of  sewerage  are  the  following  items :  At 
Danburj,  an  outfall  sewer  of  the  following  sizes  and  mate- 
rials :  2,383  feet  42'',  1,924  feet  86",  622  feet  30",  27  feet 
24'',  all  of  brick ;  also  726  feet  86"  and  805  feet  24"  cast- 
iron  —  in  all,  5,987  lineal  feet,  at  a  total  cost  of  $54,523.85. 
Also  of  other  sewers,  1,605  feet  of  15"  and  2,485  feet  of  12" 
vitrified  pipe  sewer,  at  a  cost  of  $11,194.18. 

At  Waterbury,  about  10,500  feet  of  sewers  of  different 
sizes,  mostly  of  vitrified  pipe,  with  a  large  amount  of  rock 
excavation,  at  a  cost  of  about  $20,000. 

At  Hartford,  over  one  mile  of  public  sewers ;  cost  not 
given. 

At  South  Manchester,  1,800  feet  of  outfall  sewer,  15"  to 
24"  in  diameter,  and  over  15,000  feet  of  street  sewers,  10"  to 
18"  in  diameter,  have  been  in  progress  of  construction  dur- 
ing the  past  year,  the  work  having  been  partly  done  the  pre- 
vious year.     The  cost  was  not  given. 

At  Norwich,  3,800  feet  of  sewers  were  laid,  at  a  cost  of 
about  $10,000. 

At  Middletown,  4,882  feet  of  sewers  were  constructed, 
costing  $10,372.79. 

At  East  Hartford,  9,000  feet  of  sewers,  at  a  cost  of 
$6,600. 

At  Birmingham,  a  new  outfall  sewer,  costing  about 
$6,000. 

At  Willimantic,  3,500  feet  of  sewers,  at  a  cost  of  about 
$4,000. 

At  Litchfield,  a  system  of  sewers  has  been  constructed, 
the  total  length  and  cost  of  which  were  not  given. 

At  Wallingford,  a  public  sewer,  the  cost  of  which  was 
about  $1,000. 

At  New  London,  2,652  feet  of  8"  and  10"  sewers,  at  a 
cost  of  $4,475.98. 


Not  less  than  twelve  miles  of  public  sewers  have  been 
constnicted  by  members  of  our  association  during  the  past 
year  within  this  State,  at  a  cost  of  not  less  than  $182,000. 

One  of  our  members  residing  outside  of  the  State  reports 
10  miles  of  sewers  constructed  on  the  separate  system  at 
Orange,,Mass.,  at  a  cost  of  $67,000.  This  work  involved  a 
tunnel  through  rock  •ver  500  feet  long. 

Also  sewers  on  the  separate  system  at  Athol,  Mass.,  cost- 
ing $66,000.  Also  the  construction,  as-  contractor,  o^  li 
miles  of  sewers  on  the  combined  system  at  Middleboro, 
Mass.,  costing  $20,000.  Including  the  above  sewers,  the  re- 
ports received  cover  about  thirty  miles  of  sewers,  the  aggre- 
gate cost  of  which  was  not  less  than  $880,000. 

Of  water-works  the  following  items  have  been  reported  : 

A  new  storage  reservoir  of  one  hundred  and  fifty  million 
gallons  capacity,  and  a  distributing  reservoir  of  fifteen  mil- 
lion gallons  capacity,  with  a  pumping  plant  of  five  million 
gallons  daily  capacity,  have  been  constructed  for  the  city  of 
Heriden,  together  with  4f  miles  of  20'^  cast-iron  main  pipe. 
The  cost  of  these  works  was  about  $210,000.  Alse  another 
system  of  water-works  in  the  same  city,  for  two  large  manu- 
facturing companies,  consisting  of  a  reservoir  covering 
thirty-two  acres,  of  one  hundred  and  twebty  million  gallons 
capacity.  The  dam  is  of  stone  masonry,  with  an  inside  em- 
bankment of  puddled  earth  with  riprap  facing.  The  depth 
of  the  reservoir  at  the  pour-over  is  fourteen  feet.  There  are 
three  miles  of  cast-iron  main  pipe,  10"  and  12"  in  diameter. 
The  entire  cost  of  these  works  was  about  $46,000. 

A  storage  reservoir  covering  thirty  acres,  and  holding 
about  ninety  million  gallons,  has  been  constructed  during 
the  past  year  for  the  village  of  Naugatuck.  The  dam  is  of 
masonry  20  feet  high  (planned  to  be  ultimately  28  feet  in 
height),  20  feet  thick  at  base,  9  feet  at  level  of  present  pour- 
over.  The  dam  has  a  puddled  earth  backing.  A  system  of 
water-works  has  alsp  been  designed  for  the  villages  of  West- 
port  and  Saugatuck. 

A  small  system  of  water-works  has  been  eonstructed  at 
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Terry ville.  The  reservoir  is  an  excavated,  circular  basin, 
90  feet  in  diameter  and  20  feet  deep.  The  6"  main  pipe  is 
about  one  mile  in  length,  and  there  are  two  or  three  miles 
of  smaller  street  mains.  The  mains  are  of  iron  and  cement 
pipe.    The  total  head  is  140  feet. 

A  new  cast-iron  main  has  been  laid  from  Pistapaug  Poud 
to  the  village  of  Wallingford,  4|  miles  long,  of  18",  16", 
14",  and  12"  cast-iron  pipe.  On  the  line  of  this  main  is  a 
tunnel  460  feet  long,  faced  with  round  chestnut  timbers,  with 
6  feet  by  6  feet  inside  cross-section.  The  cost  of  laying  this 
new  main  was  about  $64,000. 

About  16,000  feet  of  main  conduit  and  six  miles  of  street 
mains  have  been  laid  for  the  South  Manchester  water-works, 
though  only  a  part  of  this  amount  of  pipe  was  laid  during 
the  past  year. 

A  system  of  waterworks  has  been  constructed  for  the 
village  of  North  Manchester.  The  pipe  used  was  of  iron 
and  cement.  The  length  of  mains  and  cost  of  the  works 
have  not  been  reported. 

Extensive  surveys,  plans,  and  estimates  have  been  made 
for  an  increase  of  storage  supply  for  the  city  of  Hartford. 
These  contemplated  works  will  cost  from  $100,000  to  $200,- 
000  if  constructed.  In  New  London  12,033  feet  of  cast-iron 
mains,  4"  to  10"  in  diameter,  have  been  laid  during  the 
year,  at  a  cost  of  $12,444.84.  A  temporary  pumping  station 
has  been  constructed  in  Danbury,  at  a  cost  of  $2,000.- 
Twenty-five  hundred  feet  of  4"  and  6"  cast-iron  main  have 
been  laid  in  Farmington,  Conn. 

A  non-resident  member  reports  a  system  of  water-works 
designed  and  reported  upon  for  the  city  of  Orange,  Mass., 
the  estimated  cost  being  about  $100,000.  Also  another  sys- 
tem in  contemplation  for  the  village  of  St.  Albans,  Vt. 

Of  dams  for  water-power  purposes,  two  of  considerable 
magnitude  and  importance  have  been  reported,  besides  other 
smaller  ones.  The  repairing  and  rebuilding  of  the  dam  of 
the  Ousatonic  Water  Power  Company  at  Birmingham,  Conn., 
one  of  the  largest  and  most  important  dams  in  New  Eng- 


land,  has  been  saccessfnlly  completed  during  the  past  sea- 
son. A  large  number  of  the  members  of  our  association 
had  the  opportunity  of  visiting  this  dam  and  examining  the 
work,  in  connection  with  our  summer  meeting  at  Birming- 
ham. 

This  dam  is  ten  or  twelve  hundred  feet  in  length,  and  is 
situated  just  above  the  head  of  navigation  on  the  Housatonic 
River.  The  failure  of  the  original  dam,  which  occurred  in 
the  early  spring  of  1891,  was  probably  due  to  the  accumula- 
tion and  sudden  breaking  away  of  a  large  amount  of  ice, 
which  had  become  piled  upon  the  dam,  during  a  freshet  at 
the  breaking  up  of  the  river.  A  large  breach  was  made  at 
the  easterly,  end  of  the  dam.  The  work  of  repairing  and  re- 
building the  dam  was  difficult  and  expensive,  but  the  diffi- 
culties were  successfully  overcome.  A  bound  set  of  photo- 
graphs, illustrating  the  work  in  the  different  stages  of  its 
progress,  is  to  be  contributed  to  our  library  by  Mr.  Brins- 
made,  the  engineer  in  charge  of  its  construction.  The  en- 
tire cost  of  rebuilding  this  dam  was  about  8130,000. 

Another  dam,  second  only  in  size  and  importance  to  the 
one  at  Birmingham,  is  reported  as  in  progress  of  construc- 
tion on  the  Housatonic  River  at  Housatonic^  Mass. 

The  abutments  and  cut-off  walls  are  of  masonry,  but  the 
dam  itself  is  to  be  of  timber.  It  will  require  400,000  feet, 
board  measure,  of  timber  and  plank  for  its  construction, 
and  will  cost  about  $60,000.  It  will  furnish  about  600 
horse-power. 

About  $6,000  have  been  expended  during  the  year  in 
improvements  on  the  Shelton  Water  Power  Company's  dams 
and  works.  A  dam  has  been  raised  and  rebuilt  at  Water- 
town,  having  a  new  masonry  overflow,  and  of  difficult  foun- 
dations, at  a  cost  of  $5,000.  Some  other  work  of  a  similar 
character  has  been  reported,  which,  perhaps,  is  hardly  worthy 
of  special  mention. 

The  amount  of  railroad  work  reported  is  not  large.  Ex- 
tensive alterations  and  improvements  have  been  made  in  the 
arrangement  and  grades  of  the  tracks  of  the  Connecticut 
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Valley  division  of  the  New  York,  New  Haven  &  Hartford 
Railroad  through  the  eastern  part  of  the  citj  of  Hartford. 
These  improvements  were  undertaken  to  do  away  with  the 
Morgan  Street  grade  crossing.  By  the  changes  made,  two 
other  grade  crossings  have  also  been  obviated.  This  work 
has  involved  a  complete  re-arrangement  of  the  tracks  of  the 
freight  yard  in  that  vicinity  as  to  alignment  and  grade. 
This  work  has  been  accomplished  without  interrupting  any 
of  the  regular  trains.  It  will  cost  when  finished  about 
$100,000. 

One  member  reports  the  construction,  under  his  direc- 
tion, of  three  miles  of  electric  street  railway  in  another 
State,  at  a  cost  of  $20,000  ;  also  about  half  a  mile  of  street 
railway  in  the  city  of  Waterbury.  He  also  reports  the  con- 
struction of  about  one-half  mile  of  railway  to  a  stone  quarry 
in  Thomaston,  800  feet  of  the  same  being  either  on  bridges 
or  trestle-work.  One  thousand  feet  of  this  railroad  has  a 
grade  of  27i  per  cent.  This  road  is  operated  by  a  cable. 
The  cost  is  given  at  $10,000. 

Another  member  reports  an  extension  of  street  railway 
track,  one-half  mile  in  length,  at  Norwich. 

Under  the  head  of  bridges,  the  engineers  of  the  Berlin 
Bridge  Company,  members  of  our  association,  report  that 
the  company  have  designed  and  erected  within  this  State 
during  the  past  year  about  seventy-five  iron  bridges  and 
similar  structures,  costing  about  $250,000.  Including  all 
the  bridge  work  of  this  company,  much  of  which  has  been 
sent  to  other  States  and  countries,  they  report  nearly  800 
bridge  or  roof  structures  made  at  these  works  during  the 
past  year,  the  aggregate  cost  of  the  same  being  about  $1,000,- 
000.  This  company  recently  erected  over  a  stream  near 
their  works  a  bridge  which  is  worthy  of  special  mention. 
It  takes  the  place  of  a  covered  wooden  Howe  truss  bridge, 
which  was  destroyed  by  fire  during  the  past  summer.  It  is 
a  single-track,  through  plate-girder  bridge,  each  of  the  two 
girders  being  102i  feet  long,  8  feet  deep,  and  weighing  about 
40  tons.    These  girders  were  put  in  place  and  the  bridge 
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was  erected  without  interrupting  a  single  one  of  the  dozen  or 
more  trains  each  day  passing  over  the  same. 

At  the  summer  meeting  at  Birmingham  the  members  of 
this  association  had  the  opportunity  of  examining  the  plans 
for  a  steel,  arch-truss  bridge  over  the  Housatonic  River  be- 
tween the  boroughs  of  Birmingham  and  Shelton,  erected  by 
the  Berlin  Bridge  Company.  This  bridge  is  a  fine  specimen 
of  engineering  work.  The  expense  of  its  erection  was 
borne  wholly  or  in  part  by  the  two  counties  of  New  Haven 
and  Fairfield. 

In  this  connection  mention  might  very  properly  be  made 
of  the  large  additions  to  the  plant  of  the  Berlin  Bridge  Com- 
pany, including  the  erection  of  a  very  large  iron  building, 
various  cranes,  and  other  machinery  and  appliances  for  con- 
structing and  handling  the  large  amount  of  heavy  iron  work 
for  bridges  and  other  similar  structures  this  company  are 
constantly  turning  out.  Considerable  other  bridge  work  of 
less  magnitude  has  been  reported,  the  abutments  of  one 
bridge  in  East  Hartford  costing  about  $8,000.  Two  mem- 
bers report  the  planning  and  construction  of  masonry  arch 
bridges  of  moderate  dimensions. 

One  member  has  prepared  and  published  an  excellent 
wall-map  of  the  city  in  which  he  resides,  and  of  which  he 
was  for  many  years  the  city  engineer. 

Two  half-mile  trotting  courses  are  reported  as  having 
been  laid  out  and  constructed  during  the  past  year.  There 
has  been  considerable  of  engineering  work  in  various  parts 
of  the  State  outside  of  cities  for  the  grading  and  improve- 
ment of  highways. 

A  large  amount  of  the  work  of  the  members  of  this  as- 
sociation has  been  of  too  general  a  character  to  be  men- 
tioned particularly,  such  as  the  laying  out  of  buildings  and 
measuring  and  computing  earth  excavation,  masonry,  etc., 
for  the  same ;  laying  out  of  streets  and  building  lots  ;  land 
surveying ;  running  township  lines  and  boundary  lines  be- 
tween adjoining  proprietors,  etc.  Some  of  these  matters  are 
very  commonplace,  and  may  seem  like  the  drudgery  of  our 
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profession;  nevertheless,  they  are  among  the  things  by 
doing  which  we  may  make  ourselves  of  service  to  other  peo- 
ple and  to  the  public  at  large. 

In  closing,  permit  me  to  make  one  or  two  brief  sugges- 
tions. This  organization  ought  to  be  a  means  of  promoting 
the  mutual  interchange  of  the  knowledge  we  have  gained 
by  study,  observation,  and  experience.  We  should  be  ready 
to  give  others  the  benefits  of  our  experience,  since  we  our- 
selves are  so  much  indebted  for  whatever  we  may  know  to 
the  experience  of  others  who  have  preceded  us,  or  who  have 
gone  far  beyond  us  in  research  and  investigation.  Let  each 
member  be  ready  to  contribute  as  he  may  be  able  in  prepar- 
ing papers  on  subjects  concerning  which  he  may  have  had 
some  experience,  or  to  which  he  has  given  special  study ; 
and  also  in  discussing  such  papers  when  they  are  presented. 
I  venture  to  predict  that  those  who  are  most  ready  to  con- 
tribute to  the  interest  and  success  of  the  association  in  the 
ways  indicated  will  be  the  ones  who  will  receive  from  it  the 
largest  benefits. 

While  the  principal  object  of  our  organization  is,  perhaps, 
the  interchange  of  useful  information,  the  social  advantages 
it  affords  should  not  be  overlooked.  As  members  of  the 
same  profession,  and  having  many  common  interests,  we  be- 
come mutually  acquainted,  and  thus  cultivate  friendly  feel- 
ings toward  each  other,  even  though  we  are  occasionally 
brought  into  professional  competition,  and  sometimes,  when 
before  the  courts  as  witnesses,  through  the  questioning  of 
flhrewd  attorneys,  into  somewhat  sharp  antagonism. 

At  this  present  time  in  the  ;  history  of  our  organization, 
allow  me  to  express  the  hope  and  the  expectation  that  each 
member  will  do  his  full  share  to  recover  whatever  ground 
we  may  have  lost  in  the  past,  and  to  make  this  year  a  suc- 
cessful and  a  prosperous  one  for  our  association. 
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Mr.  T.  H.  McEenzie  then  presented  a  paper  on  *'  Sewage 
Disposal  bj  Irrigation  and  Filtration  through  Land." 


SEWAGE  DISPOSAL  BY  IRRIGATION  AND  FILTRA- 
TION THROUGH  LAND." 

f 

T.  H.  McEenzie. 

A  perfect  system  of  sewerage  should  be  so  designed  as  to 
•collect  the  polluted  waters  from  an  iuhabitated  territory,  and 
•convey  them  swiftly  and  with  a  minimum  of  opportunities 
for  retention  or  deposit  on  the  way  to  some  point  sufficiently 
remote  from  habitations,  where  they  can  be  safely  purified. 

There  is  a  certain  fixed  relation  between  the  velocity  of 
the  fluid  and  the  matter  which  it  will  carry  in  suspension. 
The  sewers  should  therefore  have  a  certain  minimum  incli- 
nation or  fall,  such  as  will  prevent  an  accumulation  or 
•deposit. 

The  matter  of  the  collection  and  conveyance  of  the 
sewage  is  a  comparatively  simple  problem,  and  the 
engineer  is  governed  by  certain  fixed  laws  which  have  been 
demonstrated  by  repeated  experiments,  but  the  second 
problem  which  pertains  to  the  final  treatment  with  reference 
to  purification  is  far  less  so. 

What  is  the  best  and  most  economical  treatment  of 
sewage  has  been  a  subject  of  much  controversy  and  of  many 
and  expensive  experiments,  most  of  which,  however,  have 
been  tried  on  the  other  side  of  the  water.  But  the  most 
systematic  and  valuable  experiments  upon  the  filtration  of 
sewage  through  soil  have  been  conducted  by  the  Massa- 
chusetts State  Board  of  Health  at  Lawrence  under  the  di- 
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rection  of  Hiram  F.  Mills,  G.  E.  The  writer  had  occasion 
to  yisit  these  works  and  observe  the  very  practical  way  in 
which  the  experiments  were  made,  and  the  careful  manner 
in  which  the  results  were  recorded. 

These  experiments  show  the  results  with  a  wide  range  of 
conditions  and  varieties  of  soil.  A  more  detailed  description 
of  the  work  there  carried  on  will  be  given  later. 

The  writer,  during  the  past  two  years,  has  been  engaged 
in  designing  plans  for  sewage  disposal  works  for  Bristol, 
Litchfield,  South  Manchester,  and  Meriden,  Oonn.,  and  in  con- 
nection with  this  work  has  had  occasion  to  study  the  reports 
and  history  of  the  methods  and  working  of  many  foreign 
systems,  and  to  visit  and  inspect  the  working  of  most  of  the 
American  disposal  plants,  for  the  purpose  of  determining  the 
cost  of  construction  and  operating  the  different  systems  of 
sewage  purification,  and  from  such  study  and  investiga- 
tions has  arrived  at  the  following  conclusions :  That  where 
sufficient  area  of  suitable  land  can  be  reached  by  gravity  or 
by  pumping  with  a  low  lift,  some  form  of  land  treatment, 
either  by  irrigation  or  by  intermittent  filtration,  will  give  the 
most  satisfactory  results  both  financially  and  as  a  sanitary 
measure,  and  that  where  such  conditions  cannot  be  found,  the 
best  method  is  by  chemical  precipitation  or  subsidence  in 
vats  or  tanks  and  supplemented  by  filtration  through  a 
smaller  area  of  land  where  the  effluent  is  to  mingle  with  the 
waters  of  a  stream  which  is  afterwards  used  for  domestic 
purposes. 

I  will  here  give  a  very  brief  statement  of  the  various 
methods  of  treatment  for  the  purification  of  sewage,  and 
afterwards  describe  more  particularly  the  land  treatment  by 
irrigation  and  filtration. 

The  most  commonly  practiced  methods  of  sewage  purifi- 
cation are,  by  subsidence,  by  mechanical  filtration  or  strain- 
ing, by  chemical  precipitation,  and  by  irrigation  and  down- 
ward intermittent  filtration  through  soil,  with  the  relative 
efficiency  in  the  matter  of  complete  purification  of  the  sewage 
about  in  the  order  as  stated  above. 
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By  subsidence,  sewage  is  collected  in  tanks  and  allowed 
to  stand  until  the  solids  are  deposited.  The  water  is  then 
drawn  off.  Although  somewhat  less  objectionable  than  the 
crude  sewage,  the  efiSuent  water  is  charged  with  impurities, 
and  is  unfit  to  be  turned  into  the  small  streams  or  into  any 
streams  which  furnish  a  domestic  supply. 

By  mechanical  filtration  the  sewage  is  passed  either  up- 
ward or  downward  through  filters  composed  of  fine  wire, 
gravel,  sand,  coke,  or  cinders.  This  separates  more  of  the 
solids  than  can  be  accomplished  by  subsidence,  but  the 
efiSuent  is  still  unfit  to  be  turned  into  streams  used  for 
drinking  water,  and  the  washings  of  tlie  filters  must  be  dis- 
posed of  by  filtering  through  land  or  pumping  into  some 
large  body  of  water. 

The  best  example  of  the  mechanical  filter  process  may  be 
found  at  Saylesville,  B.  I.,  about  two  miles  west  of  Paw- 
tucket. 

The  volume  of  sewage  treated  is  about  1^  million  gallons 
per  day,  and  the  cost  of  operating,  as  nearly  as  it  could  be 
ascertained,  about  $4,500  per  year  for  each  million  gallons 
treated  daily,  exclusive  of  interest  on  cost,  and  wear  and  tear 
of  plant. 

There  are  eight  filter  beds  15' x  16' with  8'  courses  of 
filtering  materials.  The  beds  are  built  on  a  plank  bottom 
with  a  space  of  8"  between  the  floor  and  the  slat  bottom  of 
filters.  The  layers  of  filtering  material  are  as  follows: 
Small  stone,  coke,  roofing  gravel,  coarse  sand,  with  one  foot 
of  fine  sand  on  the  top.  The  method  practiced  is  downward 
continuous  filtration.  The  beds  are  flooded  one  foot  deep  or 
more.  The  current  is  reversed  once  an  hour,  and  water 
forced  up  through  the  beds  by  pressure  from  underneath, 
and  the  filter  washed  for  about  ten  minutes. 

The  washings  amount  to  about  15  per  cent,  of  the  sewage, 
which  is  pumped  over  a  ridge  about  40'  high  into  the  Black- 
£tone  river.  The  filters  are  torn  up  and  renewed  once  in  six 
months. 

Chemical  Precipitatiom. — This  process  has  been  exten- 


14 

sivelj  used  in  England,  where  on  account  of  the  great  cost 
and  scarcity  of  suitable  land  for  land  treatment,  it  seems  U> 
be  the  best  adapted  to  their  wants.  By  this  process  some 
chemical  solution,  usually  milk  of  lime,  or  sulphate  of 
alumina,  are  mixed  with  the  sewage,  and  the  sewage  con- 
veyed to  settling  tanks,  where  the  chemicals  cause  most  of 
the  particles  in  suspension  and  a  portion  of  the  dissolved  con- 
stituents to  fall  to  the  bottom  of  the  tanks. 

The  clarified  sewage  then  flows  from  the  tanks  into  the 
nearest  water  course,  or,  if  such  water  course  is  used  for 
drinking  purposes,  the  efiSuent  is  still  further  purified  by 
land  filtration.  The  solid  residuum  or  sludge  is  either 
pumped  and  run  on  to  land  and  plowed  in  as  a  fertilizer,  or 
pressed  into  cakes  and  given  to  farmers.  The  ordinary 
cost  of  treating  sewage  by  this  method,  exclusive  of  the 
plant  or  interest  on  the  same,  is  $8,500  per  year  for  each 
million  gallons,  treated  daily.  The  best  example  of  this 
method  of  treatment  is  at  Worcester,  Mass.  Their  method 
of  disposal  of  the  sludge  is,  however,  rather  objectionable,  as 
it  is  pumped  on  to  a  tract  of  swampy  ground  near  the  river,, 
and  occasionally  covered  with  gravel. 

The  volume  of  sewage  being  treated  at  the  present  time 
is  about  three  million  gallons  per  day. 


APPLICATION    OP    SEWAGE  TO   THE    SOIL    BY  BBOAD  IBRIGATIOK 
AND   DOWNWARD  INTERMITTENT  FILTRATION. 

The  application  of  sewage  to  the  soil  by  broad  irrigation 
or  by  the  ridge  and  furrow  system,  can  be  practiced  to  ad- 
vantage in  this  climate  only  during  the  summer  months,  and 
is  necessarily  supplemented  'by  filtration  beds  for  use  during 
the  winter  months. 

For  disposal  by  broad  irrigation,  the  surfaces  to  which  the 
sewage  is  applied  should  present  a  gentle  slope  of  not  less* 
than  6''  per  100'  in  order  that  the  sewage  may  travel 
gradually  forward  and  the  surface  become  equally  wetted 
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throughout,  and  also  admit  of  the  drainage  and  drying  of  the 
surface  subsequently  to  the  application  of  the  sewage. 

For  broad  irrigation  purposes,  the  main  sewer  should  be 
brought  into  the  area  to  be  irrigated  either  on  the  highest 
side  or  ridge  of  land,  or  at  a  slight  elevation  above  the  sur- 
face, and  an  embankment  filled  over  the  pipe  to  a  height  of 
3'  above  the  top  of  the  pipe. 

The  secondary  carriers  should  be  constructed  of  split 
stoneware,  socket  pipes  laid  on  concrete  foundations  extend- 
ing below  frost,  and  along  lines  following  the  contours  of 
the  land,  with  inclinations  not  exceeding  6''  per  lOO'. 

The  stops  or  valves  on  the  main  sewer,  for  regulating  the 
flow  to  the  secondary  carriers,  should  be  of  a  substantial  char- 
acter, and  iron.  The  outlets  from  the  secondary  carrier 
should  be  from  split  branch  pipe  of  about  the  proportions  of 
an  8"  branch  from  a  12"  pipe.  These  outlets  may  be 
stopped  by  turf,  or  by  means  of  small  stop  boards,  or  sheet- 
iron  stoppers.  The  sheet-iron  stops  are  preferable,  and 
should  be  provided  at  the  top  with  a  piece  of  angle  iron  to* 
stiffen  them,  and  admit  of  being  pressed  into  the  ground  by 
the  foot. 

The  carriers  or  grips  should  be  then  cut  in  the  direction 
of  the  greatest  fall,  or  nearly  so ;  they  should  be  very  slight 
and  gradually  diminishing  depressions  in  the  soil,  as  stone- 
ware or  other  artificial  channels  are  unnecessary,  and  a  great 
hindrance  to  agricultural  operations.  Orass  crops  are  best 
adapted  to  the  utilization  of  sewage  by  broad  irrigation,  and 
as  many  as  three  crops  per  year  may  be  harvested  to  advant- 
age. Cereal  crops  will  not  thrive  under  the  application  of  as 
large  a  volume  of  sewage  as  grass  crops.  The  sewage  of 
from  100  to  200  people  per  acre  (according  to  the  nature  of 
the  soil}  may  be  utilized  by  broad  irrigation,  as  above  de- 
scribed. By  this  method  the  sewage  comes  in  direct  contact 
witli  growing  crops.  The  ground  should  not  be  flooded  for 
eight  or  ten  days  previous  to  the  harvesting  of  each  crop. 

The  ridge  and  furrow  system  is  more  particularly  adapted 
to  the  cultivation  of  crops. 
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By  this  method  the  crops  do  not  come  in  direct  contact 
with  the  sewage.  The  entire  area  is  divided  into  sections  or 
beds,  each  of  which  is  level  for  its  entire  area ;  the  beds  to  be 
from  200  to  400  ft.  in  width,  and  500  or  600  ft.  in  length. 

The  ridges  should  be  from  4'  to  8'  in  width,  and  the 
ditches  between  about  1^  deep,  and  1'  wide  on  the  bottom, 
with  proper  slopes,  as  per  cut  below. 

The  ditches  should  be  excavated  with  a  slight  inclination 
from  each  end  toward  the  center.  The  sewage  passes  later- 
ally into  the  ridges  and  is  carried  by  capillary  attraction 
above  the  line  of  saturation,  the  fertilizing  qualities  thus  being 
made  available  for  the  nourishment  of  plant  life.  To  secure 
the  best  results,  the  ditches  should  be  worked  over  once  a 
week,  and  the  ridges  split  each  season,  bringing  the  ditches 
into  the  center  of  the  ridge  of  the  previous  year. 

By  either  of  the  above-mentioned  methods,  excellent 
crops  of  nearly  all  of  the  ordinary  farm  products  may  be 
raised,  such  as  currants,  gooseberries,  raspberries,  peas,  man- 
golds, wheat,  barley,  oats,  rye,  beans,  potatoes,  and  turnips. 

The  volume  of  sewage  which  can  be  disposed  of  by  the 
ridge  and  furrow  system  is  about  the  same  as  by  broad  irri- 
gation. The  character  of  the  sewage,  the  nature  of  the  soil, 
depth  of  ground  water  line,  and  amount  of  under-drainage, 
are  the  governing  elements  in  all  cases. 

The  best  examples  of  sewage  farming  by  irrigation  in  the 
old  country  are  at  Dantzig,  Berlin,  and  Breslau,  in  Gtermany; 
in  France,  at  Grennevilliers ;  in  England,  at  Doncaster, 
Beddiugton,  Bedford,  Leamington,  and  Oxford ;  in  this 
country,  at  Pullman,  111.,  and  Cranston,  R.  I. 

The  statistics  of  the  operation  of  these  farms  show  that 
the  income  from  the  sale  of  crops  is  sufficient  to  pay  the  cost 
of  operating  the  farms. 

On  account  of  the  difficulty  of  obtaining  sufficient  areas  of 
suitable  land  near  large  cities  to  dispose  of  theix  entire  sew- 
age by  irrigation,  the  process  of  intermittent  downward  fil- 
tration has  been  quite  extensively    introduced,   the  main 
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object  of  this  process  being  purification  of  the  sewage  rather 
than  utilization. 

The  filtration  area  should  be  under-drained  at  a  depth  of 
about  three  feet,  the  land  should  be  laid  out  in  level  sections 
of  one  acre  or  more  in  area,  and  enclosed  by  dikes  about 
three  feet  in  height,  thus  insuring  a  uniform  distribution  and 
filtration.  To  secure  the  best  results,  the  surface  soil  should 
be  removed  so  that  the  air  may  more  readily  penetrate  the 
soil  and  oxidize  the  sewage.  The  surface  of  the  beds  should 
be  plowed  frequently,  in  order  to  prevent  the  surface  coating 
over  or  clogging  with  a  film  of  putrescible  matter  liable  to 
decomposition.  A  sufficient  number  of  these  fields  should  be 
provided  to  allow  cropping  them  alternately. 

The  sewage  can  best  be  brought  on  to  the  irrigation  beds 
by  means  of  iron  pipes  laid  under  the  dikes  on  one  side  of 
the  enclosures  at  about  the  surface  of  the  ground,  and  by 
means  of  gates  in  the  main  at  proper  intervals.  The  pipes 
can  be  brought  under  pressure,  and  the  sewage  be  made  to 
rise  in  brick  wells,  which  should  be  built  at  each  intersection, 
and  delivered  from  openings  in  the  sides,  which  should  be 
regulated  by  slide-gates,  into  the  filtering  areas.  By  this 
process  one  acre  of  porous  ground,  properly  under-drained, 
will  purify  the  sewage  of  from  500  to  700  people,  and  at  a 
cost  of  not  to  exceed  $2,500  per  year  for  each  million  gallons 
treated,  and  with  some  slight  return  in  the  way  of  crops.  No^ 
skilled  or  expensive  help  is  required,  and  only  one  set  of 
hands,  as  the  night  sewage  can  be  allowed  to  run  into  some 
of  the  filter  beds  without  fear  of  overflowing. 

Intermittent  filtration  is  practiced  at  Dewsbury  and 
Hitchen,  Swanwick,  Derbyshire,  Merton,  Croydon  Rural 
Sanitary  District,  and  many  other  English  towns.  And  in 
this  country,  the  process  is  in  operation  at  Lenox,  Medford, 
South  Framingham,  and  Sherborn  Reformatory,  in  Mass., 
Norristown,  Pa.,  and  Morris  Plains  and  East  Orange,  N.  J. 

Some  statistics  regarding  the  systems  mentioned  may  be 
of  interest  in  this  connection. 

Doncaster,  England,  irrigation  population  26,000 ;  1,670 
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closets,  2,372  privies,  dry  weather  sewage,  800,000  gallons  in 
24  hours.  This  is  pumped  with  52'  lift  through  21"  iron 
force  main  to  the  sewage  farm  of  264  acres,  which  is  very 
undulating  and  part  clay  soil.  Their  reports  show  income 
from  sale  of  produce  to  very  nearly  balance  the  operating 
account. 

Beddington,  England,  irrigation  farm  population  73,000, 
20,000  closets.  Dry  weather  flow  3J  million  gallons  in  24 
hours.  Area  of  farm  625  acres ;  about  420  acres  are  laid 
down  for  broad  irrigation. 

The  income  is  reported  at  £4,504  per  year,  and  the 
operating  acct.  at  £4,226  per  year,  leaving  a  net  gain  of 
£278  per  year. 

Bedford,  England,  irrigation  farm  population  27,000. 
The  sewage  is  pumped  to  an  elevation  of  20  ft.,  to  the  level 
of  the  farm.  The  average  daily  flow  is  950,000  gallons ; 
only  about  5  acres  have  been  under-drained  with  2"  pipes, 
laid  60'  apart  and  3'  deep.  The  farm  shows  a  profit  of 
about  £90  per  year,  exclusive  of  the  cost  of  pumping,  which 
is  not  fairly  an  item  of  farm  expenditure. 

I  have  not  been  able  to  secure  a  definite  statement  of  the 
income  and  outlay  of  operating  the  American  farms  at  Pull- 
man, 111.,  and  Cranston,  B.  I.,  but  from  the  best  information 
obtainable,  the  income  and  outlay  are  about  equal.  The  in- 
come from  the  Pullman  works  is  reported  at  $12,000,  from 
140  acre  farm.     Cost  of  operating  not  given. 

On  farms  devoted  to  intermittent  filtration,  where  the 
primary  object  is  to  get  rid  of  the  sewage,  and  crops  are  a 
secondary  consideration,  the  income  in  most  cases  rangea 
from  one-third  to  one-half  the  cost  of  operating  the  farm. 

The  most  complete  statistics  obtainable  of  any  sewage 
disposal  works  in  this  country,  are  those  of  East  Orange,  N. 
Y.,  built  in  1888-9.  The  process  here  is  a  combination^ 
chemical  precipitation  and  intermittent  filtration.  Popula- 
tion of  East  Orange  13,500.  Average  daily  flow  of  sewage 
1,800,000  gals.,  cost  of  sewers,  29  miles  separate  system^ 
$822,020.64.  Disposal  works  plant  includes  land,  20  acrts^ 
$95,847.80. 
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The  cost  of  operating  the  works  is  $10,500  per  year,  or 
about  $1.00  per  head  for  each  individual  connected  with  the 
sewer.     There  is  no  income  from  these  works. 

My  study  of  the  various  methods  of  sewage  purification 
has  led  me  to  the  conclusion,  that  land  treatment  by  irriga- 
tion and  filtration  combined  is  the  most  economical  and  satis- 
factory method  yet  devised,  and  that  a  high  degree  of  purity 
cannot  be  obtained  at  a  reasonable  expense  by  any  method 
of  precipitation  or  the  sewage  so  thoroughly  purified  by  any 
known  chemicals  that  the  effluent  will  not  again  putrefy. 

Where  sufficient  area  of  suitable  land  is  not  available  for 
the  filtration  of  a  given  amount  of  crude  sewage,  as  at  East 
Orange,  or  where  the  stream  is  too  small  to  properly  dilute 
the  crude  sewage,  as  at  Worcester,  Mass.,  there  a  prior  sedi- 
mentation or  precipitation  of  some  kind  leaves  the  effluent  in 
a  condition  to  be  purified  by  filtration  through  a  smaller  area 
of  land,  or  by  dilution  in  a  smaller  body  of  water  than  would 
otherwise  be  possible. 

The  complete  purification  of  sewage  seems  to  be  accom- 
plished only  by  bacterial  action,  which  with  the  presence  of 
oxygen  converts  the  organic  matter  into  inorganic  compounds. 
Oxygen,  warmth,  and  time  are  essential  to  this  process. 
Consequently  a  complete  purification  is  best  accomplished  by 
a  slow  and  intermittent  filtration  through  sand. 

The  scientific  experiments  which  are  being  carried  on, 
both  in  this  country  and  abroad,  are  rapidly  increasing  our 
knowledge  of  the  causes  which  influence  the  purification  of 
sewage  when  applied  to  land,  and  justifies  a  reference  more 
at  length,  to  some  of  the  later  achievements  and  conclusions 
concerning  this  method  of  purification. 

Mr.  Warrington  says,  in  a  paper  read  before  the  Society 
of  Arts  in  1882 :  It  has  been  ascertained  by  experiment  that 
the  purifying  action  of  the  soil  on  sewage  is  probably  due  to 
three  distinct  actions.  Ist.  Simple  filtration  or  the  separa- 
tion of  suspended  matter.  2d.  The  precipitation  and  reten- 
tion in  the  soil  of  ammonia  and  various  other  organic  sub- 
stances previously  in  solution.  8d.  The  oxidation  of  anmionia 
and  organic  matter  by  the  agency  of  living  organisms. 
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The  last  mode  of  action  is  undoubtedly  the  most  import- 
ant, as  without  oxidation  the  sewage  matter  must  accumulate 
in  the  soil  and  the  filter  bed  lose  its  efficiency. 

The  filtering  power  of  a  soil  depends  on  its  mechanical 
condition.  The  precipitating  power  of  soil  is,  on  the  other 
hand,  a  chemical  function,  in  which  the  hydrated  ferric  oxide 
and  alumina  and  the  silicates  of  soils  play  an  important 
part.  The  oxidizing  power  of  a  soil  will  depend  partly  on 
its  mechanical,  partly  on  its  chemical,  and  partly  on  its 
biological  condition.  The  organisms  which  effect  the  oxida- 
tion of  organic  matter  are  abundantly  present  in  surface 
soils,  but  are  probably  absent  or  nearly  so  in  subsoils.  In 
surface  soils  they  will  probably  be  abundant  in  proportion  to 
the  richness  of  the  soil  in  organic  matter.  Sewage  also  con- 
tains the  organisms  necessary  for  its  own  destruction,  and 
under  favorable  conditions  these  may  be  so  cultivated  as  to 
effect  the  purpose. 

The  latest  investigations  concerning  the  function  of 
living  organisms,  in  the  purification  of  sewage,  lead  to  the 
conclusion  that  they  increase  in  numbers  wonderfully  when 
sewage  is  applied  to  soil  originally  quite  deficient  in  organic 
matter,  the  soil  thereby  being  rendered  favorable  to  their  in- 
crease in  proportion  as  their  presence  becomes  needful  to  the 
purification  of  the  organic  substances  applied. 

Experiments  have  been  made  in  England  at  the  model 
farm  at  Bothamsted,  under  Messrs.  Lawes  &  Gilbert,  which 
show  that  these  organisms  are  decidedly  more  numerous  and 
active  near  the  surface  of  the  ground,  and  their  action  under 
ordinary  conditions  is  said  to  cease  at  a  depth  of  about  three 
feet,  and  to  be  very  uncertain  below  a  depth  of  12  or  15 
inches. 

A  test  made  at  the  Lawrence  experiment  tanks  of  the 
Massachusetts  State  Board  of  Health,  to  determine  the  dis- 
tribution of  bacteria  at  various  depths,  gave  the  following 
results : 
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Experiment  op  May  22,  1889. 

Number  of  bacteria  in  one  gramme  of  sand  at  various 
depths : 
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We  find  the  most  rapid  decrease  in  the  first  few  inches. 
Dr.  Koch,  who  has  also  made  experiments  in  the  same  line, 
reports  that  he  finds  the  bacteria  to  diminish  verj  rapidly 
with  the  depth,  and  at  a  depth  of  one  metre  the  soil  is  nearly 
free  from  bacteria. 

In  view  of  these  conclusions,  it  appears  that,  so  far  as  the 
action  of  these  organisms  is  concerned,  it  is  unnecessary  to 
prepare  intermittent  filtration  beds  as  deep  as  was  formerly 
thought  advisable,  and  that,  instead  of  5'  or  6'  in  depth,  8' 
would  be  equally  effective. 

At  the  Lawrence  experiment  station  the  filtering  grounds 
comprise  about  f  of  an  acre.  Upon  them  are  ten  tanks  of 
circular  form  17'  in  diameter,  and  allowing  for  material  to 
be  filled  in  5  feet  in  depth. 

From  the  lowest  point  in  the  botton  of  each  tank  a  2" 
pipe  conveys  the  drainage  to  a  flume  within  a  building, 
whence  the  effluent  is  taken  for  analysis  and  examination. 
The  tanks  are  filled  with  different  materials  as  follows:  No.  1, 
very  coarse  clean  mortar  sand.  No.  2,  very  fine,  nearly  white 
sand.  No.  8,  Peat.  No.  4,  River  silt.  No.  6,  Brown  garden 
soil.  Nos.  6,  7,  and  8  were  filled  with  8'  8''  of  coarse  and 
fine  sand,  and  10"  of  yellow  sandy  loam,  and  6''  of  brown  soil. 
No.  9  is  filled  4'  3"  with  very  compact  hard-pan  and  clay, 
sand  and  gravel  covered  with  9"  of  brown  soil.  No.  10  was 
used  in  measuring  the  rainfall  (?). 

The  object  of  the  experiments  with  these  tanks  is  to  de- 
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termine  in  what  manner  the  sewage  can  be  applied  to  ac- 
complish the  best  results,  and  what  volume  per  acre  per  day 
can  be  purified.  Without  cumbering  this  paper  with  more 
details,  I  will  give  some  results,  as  stated  to  me  by  Mr.  A.  B. 
Hazen,  the  engineer  in  charge. 

140,000  gallons  per  acre  per  day  of  sewage  had  been 
passed  through  tank  No.  1,  and  fairly  well  purified;  100,000 
gallons  per  acre  per  day  had  been  passed  through  the  same 
filter,  and  perfectly  satisfactory  results  obtained. 

But  he  recommended,  with  good  sandy  and  gravelly  soils, 
to  build  on  the  basis  of  treating  60,000  gallons  per  acre  per 
day,  as  storms  are  liable  to  increase  the  volume,  and  snow 
and  frost  to  interfere  somewhat  with  the  action  of  the  filter- 
ing area,  and  the  coarser  the  material  the  more  frequently  and 
in  smaller  doses  should  the  sewage  be  applied.  If  used  for 
filtering  purposes  only,  the  filtering  beds  will  work  much 
more  satisfactorily  with  the  surface  soil  removed,  giving  the 
air  an  opportunity  to  penetrate  much  quicker  and  oxidize 
the  residue  held  in  the  sand. 

In  designing  the  systems  of  sewage  disposal  for  the 
towns  of  Litchfield,  Bristol,  South  Manchester,  and  Meriden, 
my  investigations  showed  that  in  all  of  those  places  sufficient 
available  land  could  be  reached  by  gravity  to  dispose  of  the 
sewage  by  land  treatment.  For  Litchfield  my  plans  were 
for  filtration  areas  onZy,  as  the  tract  selected  was  very 
barren,  and  the  volume  of  sewage  not  enough  to  warrant  the 
operation  of  an  irrigation  farm.  The  sewers  have  just  been 
completed  under  the  immediate  charge  of  John  M.  McEenzie, 
as  resident  engineer  and  superintendent,  with  the  exception 
that,  on  account  of  lack  of  legislation  to  enable  the  borough 
to  take  the  land  for  filtration  area,  they  have  purchased  a 
small  tract  of  land  adjoining  the  proposed  tract  for  temporary 
use. 

My  plans  for  the  disposal  of  sewage  for  Bristol  by  irriga- 
tion, supplemented  by  filtration,  have  been  adopted  by  a 
committee  of  the  town,  but  lack  of  legislation  seems  to 
prevent  the  execution  of  the  work  under  them. 
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At  South  Manchester  my  plans  for  a  disposal  by  irriga- 
tion and  filtration  have  been  adopted,  and  several  of  the 
laterals,  and  about  one-third  of  the  main  trunk  sewer  con- 
«trncted  under  the  charge  of  L.  B.  Jencks,  G.  E.,  as  resident 
engineer.  The  works  will  probably  be  completed  early  in 
1892. 

When  some  of  the  above-mentioned  works  have  been  in 
operation  long  enough  to  enable  me  to  secure  the  necessary 
data,  I  hope  to  be  able  to  make  a  further  report  of  the 
practical  operation  of  the  works. 

An  interesting  discussion  followed  the  reading  of  this 
paper. 

In  answer  to  a  question  by  Mr.  Smith,  Mr.  McKenzie 
said  that  the  sewage  should  be  turned  on  the  separated 
sections  of  land  intermittently,  also,  that  in  this  climate  the 
ground  would  usually  be  kept  from  freezing  by  a  daily 
application  of  the  sewage,  and  that,  even  if  the  ground  should 
become  frozen  in  extreme  weather,  subsequent  application  of 
sewage  would  generally  thaw  it. 

Mr.  McKenzie  said  he  would  not  recommend  this  method 
of  disposal  for  any  places  north  of  Massachusetts,  but  in 
climates  not  colder  than  Connecticut  it  had  proved  successful. 

The  village  of  South  Manchester  has  a  population  of 
about  3,000,  but,  on  account  of  the  large  mills,  the  volume  of 
sewage  would  be  large  in  proportion  to  the  population.  The 
daily  flow  will  be  about  900,000  gallons,  and  the  sewage 
coming  largely  from  the  mills  will  be  somewhat  warmer  than 
usual.  About  160  acres  of  land  have  been  bought,  and  it  is 
proposed  to  use  so  much  of  it  as  may  be  necessary. 

Storm  water  should  be  excluded  from  the  sewers  when 
the  method  of  the  disposal  of  sewage  by  filtration  is  to  be 
adopted.  The  system  would  work  most  satisfactorily  on 
sandy  or  well  under-drained  land. 

Mr.  Patton  said  he  had  seen  sewage  three  feet  deep  on 
the  Cranston  grounds,  and  from  personal  knowledge  he  was 
sure  the  ground  was  under-drained  with  tile  40  feet  apart 
and  five  feet  deep. 
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It  was  voted  that  the  Chair  appoint  the  special  com- 
mittees on  various  engineering  subjects  as  usual.  Mr. 
Wilkes,  of  the  Committee  on  Roads,  stated  that  their  report 
had  been  delayed,  and  asked  for  further  time,  which  was 
granted. 

In  response  to  a  special  request,  Mr.  F.  6.  Durfej  of 
of  Norwich,  an  associate  member,  gave  some  information 
concerning  extensive  repairs  on  the  Fruit  Hill  Reservoir  at 
Providence,  R.  I.,  made  during  the  past  year  under  his 
direction  as  contractor.  The  repairs  are  now  all  completed 
except  re-covering  the  bottom  of  the  reservoir  with  concrete, 
which  had  been  deferred  on  account  of  the  freezing  weather. 

In  making  the  repairs  the  stone-facing  and  surface-earth 
on  the  inside  slopes  of  the  embankments  were  removed,  and 
excavations  made  entirely  around  the  reservoir  to  a  depth  of 
about  10  feet  below  its  bottom  and  with  a  width  of  trench  of 
about  8  feet. 

The  trenches  were  refilled  and  slopes  rebuilt,  with  a 
puddle  mixture  of  two  parts  earth  obtained  on  the  work  and 
one  part  clay  dredged  from  the  Providence  River.  These 
materials  were  placed  in  the  bottom  of  the  reservoir  and 
mixed  with  disc-harrows.  The  puddle  thus  prepared  was 
placed  on  the  slopes  in  layers  six  inches  thick  and  rolled  with 
grooved  rollers. 

The  layers  were  not  horizontal  but  parallel  with  the  sur- 
face of  the  slopes,  and  the  roller  was  run  up  and  down  the 
48  feet  between  the  bottom  and  top  by  a  steam  engine  and  a 
cable  working  through  pulleys  on  a  loaded  car  placed  on  a 
track  running  lengthways  of  the  embankment. 

The  reservoir  is  about  475  feet  long  and  890  feet  wide 
and  24  feet  deep  when  filled. 

The  embankments  are  wholly  of  earth  without  core  walls. 
There  is  a  concrete  cut-off  at  foot  of  inside  slope  of  the  em- 
bankment. 

The  clay  puddle  used  in  making  the  repairs  was  placed 
between  this  concrete  wall  and  the  embankment,  or  rather 
on  the  inside  face  of  the  embankment. 
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There  is  a  ledge  underneath  the  reserroir ;  the  concrete 
wall  went  down  to  the  ledge  in  some  places,  and  in  others 
not,  stopping  sometimes  within  one  or  two  feet  of  the  rock. 

There  were  fissures  in  the  underlying  rock  two  inches  in 
width  in  some  places. 

In  answer  to  questions,  Mr.  Durfey  said  that  the  original 
cost  of  the  reservoir  was  about  $140,000,  and  that  the  re- 
pairs had  cost  about  $90,000,  about  $82,000  of  which  was 
for  the  clay  puddle  alone. 

The  reservoir  was  completed  two  years  ago  last  fall,  and 
these  repairs  have  been  in  progress  about  fifteen  months. 

In  answer  to  a  query  by  Mr.  Ayres,  whether  it  would  not 
be  practicable  to  have  a  bureau  of  information  where  ad- 
dresses, references,  etc.,  of  those  desiring  situations,  as  well 
as  those  needing  assistants,  Mr.  Bunco  suggested  that  the 
Secretary  would,  perhaps,  receive  and  impart  such  informa- 
tion. 

On  motion  of  Mr.  Bunco,  a  vote  of  thanks  was  extended 
to  Mr.  Burt,  City  Surveyor,  for  the  use  of  his  room  for  the 
meeting  of  the  association. 

On  motion  of  Mr.  LaForge,  seconded  by  Mr.  Cochran, 
the  Executive  Committee  was  instructed  to  investigate  and 
report  at  the  next  meeting  as  to  the  advisability  of  securing 
permanent  headquarters,  where  the  books  and  other  prop- 
erty of  the  association  could  be  accessible  to  the  members. 
It  was  voted  that  the  President  be  empowered  to  add  to  the 
number  of  special  committees  as  he  may  deem  advisable. 

Views  of  the  tunnel  on  the  line  of  the  main  conduit  of 
the  Wallingford  water-works  were  shown  by  the  engineer,. 
Mr.  Davis. 

Views  showing  the  method  of  rebuilding  the  dam  of  the 
Ousatonic  Water  Company  at  Birmingham  were  presented 
to  the  association  by  Mr.  Brinsmade. 

The  meeting  then  adjourned,  subject  to  the  call  of  the- 
Executive  Committee. 

Attest:  C.  E.  CHANDLER, 

Secretary  pro  tern. 
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Hartfobd,  June  10, 1891. 
Meeting  called  to  order  hj  President  Augur,  and  as  the 
meeting  had  been  called  mainly  to  bring  as  many  of  the 
members  of  the  Association  together,  so  that  they  might 
attend  the  meeting  of  the  New  England  Water  Works  As- 
sociation in  a  body,  the  meeting  was  quite  brief. 

The  Secretary  reported  the  death  of  Henry  L.  Wheeler 
of  Great  Barrington,  Mass.,  and  upon  motion  the  President 
appointed  Messrs.  Whitlock  and  Pettee  and  Watson  a  Com- 
mittee to  present  the  Association  with  a  review  of  his  life. 

Upon  motion,  the  meeting  then  adjourned  subject  to  the 
call  of  the  President,  the  members  going  to  the  meeting  of 
the  New  England  Water  Works  Association,  at  which  they 
were  much  interested  and  entertained. 

Respectfully, 

F.  W.  WHITLOCK, 

Secretary. 

To  the  President  and  Members  of  the  Connecticut  Association 
of  Civil  Engineers  and  Surveyors : 
Gentlemen,  —  The  Committee  to  whom  was  assigned  the 
duty  of  giving  you  a  sketch  of  the  life  of  Henry  L.  Wheeler 
beg  leave  to  report  as  follows : 

HENRY  LEWIS  WHEELER 

was  the  son  of  one  of  those  sturdy,  honest,  level-headed 
farmers  who  have  brought  the  New  England  States  to  their 
present  high  place  in  our  nation,  and  was  the  great  grand- 
son of  Truman  Wheeler,  one  of  the  earliest  settlers  of  his 
native  town  of  Great  Barrington,  Mass.  He  was  bom  on 
October  27, 1856,  in  the  house  which  his  grandfather  built. 
After  laying  the  foundation  of  his  education  in  the  common 
and  high  schools  of  his  native  town,  where  he  gained  a  re- 
putation for  thorough,  conscientious  work,  he  went  to  the 
Massachusetts  Agricultural  College  at  Amherst. 

Leaving  this  institution  in  1881,  he  took  a  position  aa 


29 

assistant  in  one  of  the  divisions  of  the  West  Shore  Railroad 
between  Albany  and  Buffalo,  remaining  till  the  completion 
of  that  railroad.  He  then  spent  six  or  eight  months  in  the 
electrical  laboratory  of  Mr.  Weston  at  Newark,  N.  J. 

Returning  to  his  chosen  branch  of  the  profession,  he  took 
a  position  as  assistant  engineer  on  the  Denver,  Memphis  & 
Atlantic  R.  R.,  being  located  between  th^  eastern  line  of 
Kansas  and  Colorado  Springs,  where  he  remained  some 
three  years,  leaving  it  finally  in  the  fall  of  1887  on  account 
of  ill  health.  He  then  returned  to  the  East,  making  his 
headquarters  at  Great  Barrington.  During  the  next  three 
years  he  was  engaged  with  H.  F.  Keith  in  making  surveys 
for  a  proposed  railroad  from  Westfield,  Mass.,  to  Pough- 
keepsie  for  some  months  and  also  in  business  as  an  engineer 
and  surveyor,  having  an  office  in  Great  Barrington,  and  dur- 
ing this  period  he  also  acted  as  engineer  in  charge  of  con- 
struction of  a  portion  of  the  sewerage  system  of  that  town. 

On  April  14, 1887,  he  married  Harriet  De  Kay  of  Byron, 
N.  Y.  In  the  early  spring  of  1891  he  removed  to  Byron,  N. 
Y.,  where,  on  May  7, 1891,  he  died  of  consumption,  leaving 
a  wife  and  infant  daughter  to  survive  him. 

All  who  knew  him  sympathize  most  heartily  with  his 
family  in  their  affliction  and  mourn  him  for  his  pleasant, 
kindly,  quiet  ways,  and  deeply  regret  his  early  death  as  a 
loss  to  his  profession  of  his  steady,  conscientious  work  and 
.study.  Respectfully  submitted, 

F.  W.  WHITLOCK, 

For  the  Committee. 


Birmingham,  Conn.,  Sept.  8,  '91. 

Meeting  called  to  order,  in  the  office  of  the  Ousatonic 
Water  Co.,  at  10.80,  by  President  Augur. 

Minutes  of  last  meeting  read  and  accepted. 

Mr.  Whitlock,  from  the  Special  Committee  on  H.  L. 
Wheeler,  deceased,  reported  that  he  had  some  facts  to  report 
npon  that  subject,  but  was  waiting  for  some  further  informa- 
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tion  fcom  one  of  the  other  members  of  the  Committee  who 
had  wished  to  add  to  his  information. 

Application  of  Frederick  De  Peyster  for  membership 
received,  referred  to  Committee  on  Membership,  and  upon  a 
favorable  report  from  that  Committee,  the  Secretary  was  in- 
structed to  cast  the  vote  of  the  Association  in  favor  of  elect- 
ing Mr.  De  Peyster  to  membership.  The  Secretary  having 
cast  such  vote,  Mr.  De  Peyster  was  declared  duly  elected. 

Mr.  Bunce,  for  the  Special  Committee  de  Dawes  Legis- 
lation, reported  that  a  bill  had  been  prepared  for  presenta- 
tion to  the  Legislature,  but  that  it  had  not  been  presented 
because  of  the  great  confusion  at  the  State  House,  and  he 
deemed  it  too  important  and  expensive  a  matter  to  the 
Association  to  meet  the  fate  of  sundry  bills  of  which  he 
knew,  i.  e.,  be  "  pigeon-holed,"  and  then  lost,  and  that  he 
still  held  it  awaiting  a  proper  time  for  its  presentation. 

Upon  being  questioned,  the  Treasurer  reported  that,  hav- 
ing made  a  change  of  residence,  which  he  expected  to  be  only 
temporary,  he  had  left  nearly  all  of  the  Association's  papers 
in  Waterbury,  and  so  could  not  state  positively  the  amount 
on  deposit,  but  believed  it  to  be  about  $125,  and  that  nearly 
all  the  membership  dues  for  1891  and  some  for  1890  were 
still  uncollected  and  also  all  bills  for  advertisements  in  the 
Journal. 

The  Association  then  proceeded  to  the  literary  part  of 
the  programme,  and  after  listening  to  Mr.  Jarvis's  description 
of  the  iron  arch  bridge  now  building  across  the  Housatonic 
River  between  Birmingham  and  Shelton  and  a  few  remarks 
from  Mr.  Brinsmade  upon  the  failure  of  the  Housatonic  dam, 
the  gentlemen  assembled  took  carriages  and  went  to  the  site 
of  the  dam,  and  from  there  to  the  bridge  and  through  Shel- 
ton, finally  winding  up  at  the  Bassett  House  in  Birmingham, 
where  they  had  a  very  enjoyable  dinner. 

After  dinner  the  party  were  taken  to  the  works  of  the- 
Farrell  Foundry  &  Machine  Co.,  and  allowed  to  visit  their- 
plant  in  operation. 

P.  W.  WHITLOCK, 

Secretary. 


LIST  OF  MEMBERS 


"WITH 


Addresses  and  Date  of  Election. 


Members  are  particularly  requested  to  keep  the  Secretary  constantly  in- 
formed as  to  their  correct  address. 

HONORARY  MEMBERS. 

Date  of  Election. 

JoHH  B.  Ci^RKB,  .    .    .    Prof.  Mathematics  at  Sheffield 

Scientific   School   of    Yale 

College,  New  Haren,  Conn.,    April,     1884 

Gbobok  H.  FBoer,     .    .    Of   Engineering  News,  New 

York  City, April,     1884 

L.  E.  GURI.BT,  ....    Instrument  Maker.  Troy,  N.Y.,  April,     1884 

L.  W.  GuBLET Civil  Engineer,  Troy,  N.  Y.,  .    April,     1884 

EirwABD  C.  Hatnbs,  .    .    Civil  Engineer,  West  Torring- 

ton,  Conn., Jan.  14,  1890 

Hkhbt  T.  Pottkr,     .    .    Civil  Engineer,Norwich. Conn.,  June  7,1887 

RoBBRT  R.  Smith,      .    .    Civil  Engineer,  New  Hartford, 

Conn., June  7,  1887 

ASSOCIATE  MEMBERS. 

F.  B.  DuKFBT,  ....    Contractor,  Norwich,  Conn.,  .    Jan.  11,  1887 
Jat  Cabfbntbr,    .    .    .    Sewer  Inspector,  Waterbury, 

Conn., Jan.  10,  188S 

ACTIVE  MEMBERS. 

Edwih  p.  AueuR, .    .    .    City    Engineer,    Middletown, 

Conn., April,     1884 

HxHBT  W.  Atbbs,     .    .    Engineer    of     the     Hartford 

Water-works,  New  Britain, 
Conn., Jan.  18,  1880^ 

John  W.  Bacon,    .    .    .    Civil     Engineer,     Danbury, 

Conn., Jan.,       1884 

John  L.  Baxxr,     .    .    .    Civil  Engineer  and  Surveyor, 

Cleveland,  O., Jan.  18, 188& 
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ACTIVE  MEMBERS.  —  Continued, 
Roland  D.  Babnbs,  . 


Alfrbb  T.  Bbokwith, 
OsoReB  H.  Bishop,  . 
Jambs  P.  Booabt, 

D.  S.  Bbinsmadb,  .  . 
Ohablbs  H.  Bukcb,  . 

E.  L.  Brown,    .    .    . 

WHiLiAH  H.  Burnett, 
Luthbr  W.  Burt,     . 

Robert  A.  Cairns,    . 

Ralph  B.  Carter,    . 


Date  of  Eleotton. 

Civil  Engineer  American  Wa- 
ter-works and  Guaranty 
Company,  Pittsburgh,  Penn.,  April,     1884 

Civil  Engineer,  Perth  Amboy, 
N.J Oct.  27,  1886 

Hydraulic  Engineer,  Middle- 
town,  Conn Jan.  18,  1885 

Engineer  Connecticut  Shell 
Fishery  Commission,  New 
Haven,  Conn., April,     1884 

Engineer  of  Ousatonic  Water- 
works, Birmingham,  Conn.,    April,     1884 

Civil  Engineer,  Hartford, 
Conn April,     1884 

Civil  Engineer,  Brockton, 
Mass Oct,  27,  1886 

CivUEngineer,Norwich,Conn.,  Jan.  18,  1885 

Civil      Engineer,     Hartford, 

Conn Jan.  18,  1885 

Civil  Engineer,  Waterbury, 
Conn Aug.  29, 1890 

Civil  Engineer,  Glastonbury, 

Conn Jan.  14,  1890 

Charles  E.  Chandler,  .    CityEngineer,Korwich,Conn.,    April,     1884 

Edgar  Clark,  ....    Putnam,  Conn., June,      1887 

William  B.  Cochranb,  .    Civil  Engineer  and  Surveyor, 

Stamford,  Conn Jan.  14,  1890 

City  Engineer,  Meriden,Conn.,    Jan.  14,  1890 

Engineer  and  Superintendent 
Water-works,  New  Bedford, 
Mass., June,      1887 

Assistant  Engineer  of  the 
Sewer  Department,  New 
London,  Conn Jan.  11,  1887 

Civil  Engineer,Norwich,Conn.,  April,     1884 

Civil  Engineer,  Wallingford, 
Conn., Jan.  14,  1890 

City  Engineer,  New  Bedford, 
Mass., June,      1887 

Civil  Engineer,Niantic,Conn.,    June,      1887 

Assistant  Engineer  of  Berlin 
Bridge  Co.,  East  Berlin, 
Conn., Sept.  25, 1885 

Civil  Engineer,  Willimantie, 
Conn., Oct.  27, 1887 


William  S.  Clark,  . 
r.  c.  p.  coogeshall, 


Gborob  E.  Crandall, 


Hiram  Cook,     . 
Henrt  L.  Davis, 

A.  B.  Drakb,    . 

J.  E.  Dutton,   . 
Burr  E.  Field, 


Robert  Fbnton, 
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ACTIVE  MEMBERS.  —  GanUnued, 

Date  of  Blection. 
Civil  Engineer,Norwich,Conn.,  Dec.  8,  1888 
West  Newton,  Mass.,  .  .  .  Aug.  29, 1890 
Engineer    Scovill    Mfg.    Co., 

Waterbuiy,  Conn.,     .     .     .    Nov.  29,1890 
Civil     Engineer,     Worcester, 

Mass April,     1884 

Chief  Engineer  Indianapolis, 
Decatur  &  Springfield  R.  R., 
Indianapolis,  Ind.,      .     .     .    Jan.  13,  1885 
Hydraulic  Engineer,  Boston, 

Mass AprU,     1884 

Civil  and  Hydraulic  Engineer, 

Bridgeport,  Conn April,     1884 

Civil  Engineer  and  Surveyor, 

West  Winsted,  Conn.,     .     .    Jan.  13,  1886 
President  and  Chief  Engineer 
of  Berlin  Bridge  Co.,  East 

Berlin,  Conn., April,     1884 

Engineer  Water-works,  Man- 
chester, Conn., Aug.  29, 1890 

Civil  Engineer,  Black's,  8.  C,    Jan.  13,  1885 
Civil  Engineer,   Glastonbury, 

Conn Nov.  29, 1890 

G.  A.  Kino, Taunton,  Mass., Oct.  27,  1886 

J.  W.  Knowlton,      .     .     Bridgeport,  Conn.,    ....    Jan.  11,  1887 

Hbkbt  J.  Kellogo,  .     .     New  Haven,  Conn April,     1884 

Frederick  W.  LaForge,    Civil    Engineer,    Waterbury, 

Conn., Jan.  18,  1885 

HiRAH  G.  LooMis,      .    .    Civil      Engineer,     Hartford. 

Conn., April,     1884 

George  K.  McEwen,     .    Civil    Engineer,    Bridgeport, 

Conn., April,     1884 

J.  M.  McEenzib,  .    .     .    Civil  Engineer,  Soutbington, 

Conn,, April,     1884 

Theodore  H.  McKei^zie,    Engineer  Water-works,  Soutb- 
ington, Conn., April,     1888 

Alexander  D.  McLean,    Civil  Engineer  and  Surveyor, 

Wallingford,  Conn Jan.  13,  1885 

Assistant  Engineer  U.  S.  Army 
Improvts.  Address  Green- 
wich, Conn.,     Sept.  25, 1886 

Civil  Engineer,  East  Hartford, 

Conn., Jan.  14,  1890 

Civil  Engineer,  Mt.  Carmel, 
Conn., Jan.  12,  1886 


Edwin  P.  Gardner,  . 
AL.BERT  S.  Glover,  . 
Edward  O.  Goss,  .     . 

8.  C.  Heald,     .    .     . 

Edwin  A.  Hill,     .     . 

Arthur  H.  Howland, 
Bradley  H.  Hull,    . 
Robert  8.  Hulburt, 
Charles  M.  Jarvis,  . 

Lawrence  B.  Jenckes, 

John  F.  Jones,  .  . 
William  E.  Johnson, 


Shelton  E.  Miner,   . 


William  H.  Olmstead, 
John  I.  Osborne,  .     . 
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William  B.  Palhbr, 

Arthor  J.  Patton, 

John  R.  Patterson, 

C.  V\  Pbndlbton,. 
William  E.  Pbttbb, 

Edward  N.  Phblps, 
Stephen  C.  Pibrson, 
Edward  N.  Pike, 

George  E.  Pitcher, 
Daniel  €k>FFE  Phipps, 

Edward  H.  Phipps,  . 

Nathaniel  C.  Rat,  . 
Walter  H.  Richards, 


William  6.  Rider, 
JOSEPH  B.  Rider,  . 
Arthur  W.  Rice,  . 
Samuel  B.  Robbins, 
Ralph  J.  Sarin,    . 
W.  M.  P.  Shelton, 
William  Q.  Smith, 
Albert  F.  Spencer, 
L.  A.  Taylor,  .    . 


ACTIVE  MEMBERS.  —  Continued. 

Date  of  Election. 

Civil  Engineer  and  Surveyor, 
Bridgeport,  Conn Jan.  18,  1885 

Civil  Engineer,  Waterbury, 
Conn., 8ept.l2,188» 

Civil  Engineer  and  Surveyor, 
Streator,  Col., April.     1884 

Civil  Engineer,  Yantic,  Conn.,    June,      1887 

Civil  and  Mining  Engineer, 
Lakevllle,  Conn April,     1884 

Civil  Engineer,  Wind8or,Conn.,  Jan.  IB,  1891 

Civil  Engineer,  Meriden, Conn.,  Jan.  13,  1885 

Civil  Engineer,  Assistant  En- 
gineer Hartford  Water- 
works,  Meriden,  Conn., .    .    Aug.  19, 1890 

Civil  Engineer  and  Surveyor, 
Norwich,  Conn Jan.  11,  1887 

President  Connecticut  Patent 
Water  Pipe  Co.,  New  Ha- 
ven, Conn April,     1884 

Engineer  Connecticut  Patent 
Water  Pipe  Co.,  New  Ha- 
ven, Conn.. April,     1884 

Assistant  Engineer  on  Union 
Pacific  R.  R..  Omaha.  Neb.,    Jan.  13.  1884 

Engineer  Sewer  Department 
and  Superintendent  Water- 
works. New  London,  Conn.,    April,     1884 

Hydraulic  Engineer,  Norwalk, 
Conn 

Civil  Engineer,  South  Nor- 
walk, Conn., Jan.  14,  1890 

City  Engineer,  New  Britain, 
Conn., April,     1884 

Civil  Engineer,  Collinston, 
Utah Nov.  17, 1888 

Civil  Engineer  and  Surveyor, 

Pomfret,  Conn.,     ....     April,     1884 

Civil  Engineer,  Torrington, 
Conn Aug.  29, 1890 

Civil  Engineer,  Waterbury 
Conn April.     1884 

Civil  Engineer  and  Surveyor, 
Bridgeport,  Conn April,     1884 

Civil  Engineer,  Worcester, 
Mass., June.     1887 
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ACTIVE  MEMBERS.  —  Continued. 

Date  of  Election. 

C.  H.  TBUE8DBLL, .  .  .  Civil  Engineer,  Central  Vil- 
lage, North  Orosvenordale, 
Conn., June,      1887 

WAL.TKR  Watson,  .     .    .    Civil      Engineer,     Pittsfleld, 

Mass Jan.  13,  1885 

A.  R.  Wadsworth,    .     .    Civil    Engineer,   Farmington, 

Conn.. Oct.  27.  1886 

Nelson  J.  Wblton,  .     .    Engineer    Water- works,    Wa- 

terbury,  Conn April,     1884 

Joel  M.  Wheeleb,    .     .    Civil  Engineer,  Ansonia, Conn.,    June,      1887 

Frank  W.  Whitlock,   .     Civil    Engineer,    Waterbury, 

Conn April,     1885 

J.  K.  WiLEES.  ....     City  Engineer,  New  Rochelle, 

N.  Y April,     1884 


If  yoQ  want  a  Chief  Engineer!  If  yon  want  to  make  up  a  Survey  Party!  If  yoa 
want  an  Engineer  on  Conetmction !  If  yon  want  to  fill  a  vacancy  in  Maintenance  of 
Way  Department!  If  you  want  an  Enfi:ineer  for  Special  Service!  If  you  want  a 
Trftnsitman !  If  yon  want  a  Leveler !  If  yon  want  a  Topoc^rapher !  If  you  want  a 
Calculator!  If  you  want  a  Superintendent!  If  you  want  a  Roadmastcr !  If  yon  want 
a  Tunnel  Boeal  If  you  want  a  Drnftuman  !  If  you  want  a  Contractor!  If  you  want 
a  Situation! 

Advertise  in  the  "  Wants"  columns  of  ENGINEERING  NEWS,  and 
save  Time,  Trouble,  and  Expense.  Tbere  is  but  one  best  method  of 
doing  anything,  and  this  is  the  *'  Best  Method  "  of  accomplishing  the 
above.  

Cards  of  one-half  inch  will  be  inserted  one  time  for  50c.,  or  three 
times  for  $1.00.    Paper  sent  at  request,  only  15c.  additional. 

Copy  should  reach  ns  not  later  than  Thoreday  morning  to  insnre  iniertion  in  iaene  of 
eame  week. 
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Cha».  W.  BlakeOee.  D.  A.  BlaketUe.  D.  W.  BlakeJee. 

C.  W.  BLAKESLEE  &  SONS, 
GENERAL  CONTRACTORS 

Block  and  Broken-Stone  Pavement  Laid.    Railroads,  Dams, 

Sewers  and  Bridge  Abutments  Built.      Building 

Stone  Furnished. 

550  GEORGE  ST.,  NEW  HAVEN,  CONN. 

ESTABLISHED  1856. 

Warren  Foundry  and  Machine  Co. 

WORKS  AT  PUILLIPSBUR6,  N.  J. 

SALES  OFFICE,      I  60  BROADWAY,  N.  Y. 


CAST-IROM    W^A.TER  and   GAS 

FROM  3  to  48  INCHES  DIAMETER. 

ALSO 

All  sizes  of  Flanged  Pipe 

AND 

SPECIAL    CASTINGS. 
THE  NEW  ENGLAND  BROWN  STONE  COMPANY, 

PRODUCERS  OP 

CONNECTICUT     BROWN     STONE! 

Fine  Building  Stone,  Monumental  Stone,  Rubble  for  Church  Work, 

Bridge  Stone  for  Railroad  and  Highway  Bridges,  Retaining 

Walls,  etc.     Stone  for  Piers,  Wharves,  Forts, 

Storehouses,  Foundation  Stone. 

SHIPPED  BY  RAIL  OR  WATER. 

Quarry  and  Office :        CROMWELL,  Middlesex  Co.,  Connecticut. 
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FOH  CSEAPITESS, 

SEAl/rS,  SMOOTSITESS, 

DI7BABIZ.IT7,  AKD  SAFETT 

THE    CELEBRATED 

Meil  West  Ya.  PavlK9  M 

MANUFACTURED  BY 

THE  AMERICAN  FIRE  CLAY  CO., 

TORONTO,  OHIO, 

TAKES  THE  LEAD. 

Factories  located  at  Freeman's  Landing,  W.  Va. 


Tests  of  these  Paving  Brick  have  shown  a 
crushing  strength  of  24,800  lbs.  to  the  sq. 
inch.  

These  paving  brick  have  ceased  to  ])e  an  experiment )  have 
been  in  use  for  eight  years,  and  the  demand  is  steadily  increasing. 
Are  now  extensively  used  in  Philadelphia,  Pa.,  Cleveland,  O., 
Memphis,  Tenn.,  Wheeling,  W.  Va.,  Trenton,  N.  J.,  Washington, 
D.  C,  Toledo,  0.,  Oil  City,  Pa.,  and  in  many  other  smaller  cities 
and  towns.  Corres|)ondence  solicited.  Sample  brick  sent  to  re- 
sponsible parties,  free.  Splendid  facilities  for  shipping  by  rail  or 
Ohio  river. 
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Send  notices  of  lettin|5,or  brldrf^  ©stlmalBS  requited- 


GRAND  AVENUE  VIADUCI;  ST.  LOUIS»  MO.  SUPERSTRUCTURE  STEEL. 

MMN  SMN  «00  »nT.    APPftOACH    SPAMS  ISO  rCCT  CACM.       OOAOWAr  SO  rCCT  ■  IMCMCS.      SIOCVIALMS  •  rCTC*  IMC 

IRON  AND  STEEL  EYE  BARS,  GIRDERS  AND  STRUCTURAL  WORK. 

PLANS  AND  ESTIMATES    AND   SURVEYS   FREE  OF  COST. 


E8TABLI8UBD  180S, 


The  Fawel  FonndfJ  \  Bjachiqe  Co., 

ANSONIA,  CONN. 

CHILLED  ROLLS,  HEAVY  ROLLING  JUILXj 
MACHINERY. 

Ore  Crushers,  for  Making  Ballast  and  Concrete. 


This  Hlylu  of  Kix^k  Breaker,  alter  1.)  years' practical  test  at  Home  aod 
Abroad,  has  proved  to  lie  Ibe  Best  ever  designed  for  the  purpose  of  Break- 
ing all  kinds  of  hard  and  brittle  substances,  sucb  as  Quartz,  Emery,  Qold 
and  Silver  Ores,  Coal,  Plaster,  Iron,  Copper,  Tin,  and  Lead  Ores. 
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THE  HARRISBURG  DOUBLE  ENGINE 

STEAM  RDiU]  RDLLER. 

The  secret  of  construction  and  mainten- 
ance of  grood  roads  is  an  Improved  Harris- 
burgr  Double  Engine  Steam  Road  Roller. 


Harrisburg  Patent  Double  Engcine  Steam  Road  Roller 

MANUFACTURED  BY 

HARRISBURG  FOUNDRY  and  MACHINE  WORKS, 

HABJilSBVJiG,  I'A. 

Many  City  Corporations,  Street  Contractors,  Borough 
and  County  Supervisors  appreciate  the  value  of  good 
streets  and  roads,  and  the  necessity  of  an  Improved 
Harrisburg  Double  Engine  Steam  Road  Roller  in  their 
construction. 

Send  for  catalogue,  testimonials,  special  reports,  and  list  of  cities 
and  contractors  using  the  Harrisburg  Double  Engine  Roller. 
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AND  IN  EVERY  WAY  SUPERIOR  TO  SCOTCH,  CEMENT,  OR  GLAZED  PIPE 


ILL  m  OR  MID 

GW  THE   CEX4:EB RANTED 

OHIO  VITRIFIED  SEWER  PIPEfer 


roB  SALS  s;  im  u^iTr'S'ss  nw  zsiitso  umt. 

H.  A.  WAKKEH,  New  Haven,  Conn. 


BE  SURE  AND  GET  MY  PRICES  WHEN  READY  TO  PLACE  ORDERS. 

Large  Discounts  to  Dealers  Officials  &,  Contractors. 

HELLER  &  BRIGHTLY 

Engineering,  Surveying,  and  Astronomical 

INSTRUMENT    MAKERS. 
Cor.  Spring  Garden  and  Ridge  Ave.,  PHILADELPHIA,  PA. 

INSTRUMENTS  OF  PRECISION. 

Large   Disconuts  [to    Dealers,   Officials,   and    Contractors. 

Messrs.  HELLER  &  BRIGHTLY  publiab 
a  Book  containiDg  Tables  and  Maps  useful  to 
Civil  Engiueers  and  Surveyors,  also  contains 
much  valuable  in  formation  respecting  the  selec- 
tion, proper  care,  and  use  of  Field  Instruments. 
A  copy  of  this  Book  they  send  by  mail,  postpaid, 
to  any  Civil  Engineer  or  Surveyor  in  any  part  of 
the  world,  on  receipt  of  a  postal  card  containing 
the  name  and  post-office  address  of  the  applicant. 
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THE 


n/iss/icnviSETTs 


IN/nTUTE  OF 

lECHNOLOQT 

BOSTON,  MASS. 


Courses  in  Civil,  Sanitary,  Meclianical,  Electri- 
cal, Mining,  and  Chemical  Engineering: 
also  in  Architecture,  Chemistry, 
Physics,  Biology,  Geology, 
and  general  Studies. 

Coarse  in  Civil  and  Sanitary  Engineering,  giye 
speeial  attention  to  matters  of  Municipal  Engineering, 
Sewerage  and  Water  Supply,  Chemical  and  Biological 
Examination  of  Water,  Water  Purification  and  Sewage 
Disposal,  Theory  of  Structures,  Hydraulics,  Heating 
and  Tentilation,  Railroad  and  Highway  Engineering, 

Special  facilities  are  afforded  for  work  in  Hydraulics, 
both  in  the  laboratory  and  in  the  field. 

FOR  CATALOGUE  AND  INFORMATION  ADDRESS, 

H.  W.  TYLER,  Secretary. 


^ 
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BAI.Ii-BAI.1.  #  COMPANY^ 

BsUbUsbcd,  London,  Bng.,  18S1.    KlUblUbed,  Philadelphia,  U.  8.  A.,  1888. 

Office  and  Works,  Frankford,  Phila.,  Pa.  (U.  8.  A.) 
NAPIER   POCKET  COMPASS. 


Trmli-  Mnrk-n.  Ji.   TO. 


IMuitiraclQri'ir  of  every  Tirlsty  of  nt^'Up't 

Bntwfi  two  l{iiQsi!i.of  DDirorm  wtdiiu 

All  W  F.  SUuiley^  Imprcnod  J'wterii; 
pLTPi'CL  Pivot  Joltit  tiiBtruiuesiDe;  S^^t»t 
Qiraile  EiifllKb,  I^JE,^I^«1  Qnd«  AvIml 

The  Napier  Pocket  Compass  has  special  advantages  peculiar 
to  itself,  and  possesses  the  greatest  number  of  desirable  features 
that  can  be  combined  in  so  small  a  compass  without  sacrificing  light- 
ness and  compactness.  The  unique  device  that  operates  the  swivel- 
Joint  is  under  perfect  control.  Persons  seeking  a  Pocket  Compass  will 
find  this  one  to  their  satisfaction. 

The  above  sketch  is  the  full  size  of  the  largest  one  made.  They 
are  used  for  work  of  the  most  delicate  nature. 

LARGE,  .  .  rrice,  $12.00  e€Lch. 

SMALL,  .  .  *'  9.00     *' 

ALUMINUM,  .  **         14.00      '* 


IMI>ROVE2r> 

ENGINEERING  AND  SURVEYING  INSTRUMENTS, 

No.  9  PBOYINCE  COURT,  BOSTON,  MASS. 

. A 5 


They  aim  to  eecare  in  their  Inetraments :  —  Aceurocy  of  divit^on ;  Simplicity  in  man' 
ipulatian;  Lightnut  eomUned  with  strength;  Acromatic  teU90op€,  with  high  pawir; 
Steadinem  of  acUustmtnts  uwUr  varying  temperatures ;  Stifnui  to  avoid  any  tremor, 
even  in  a  strong  wind,  and  thorough  worknutn^ip  in  every  part. 

Their  inBtmmentB  are  in  general  nse  hy  the  U.  S.  Goremment  Bogineen*,  Oeolofriata, 
and  Sarreyore,  and  the  range  of  InstramenU,  a«  made  hy  them  for  River,  Harbor,  Citj, 
Bridge,  Tannel,  Railroad,  and  Mining  Bngineering,  as  well  at  those  made  for  Triaagnla- 
tion  or  Topographical  Work  and  Land  Sonreying,  etc.,  is  larger  than  that  of  any  other 
Arm  in  the  country. 

Illustrated  Manual  and  Catalogue  sent  on  Application. 


[  i^fiTA  BLf^n  i^i*  1 H  #  J .  ] 


W.  &  L.  E.  GURLEY, 


TI^^O'Z",    3^.    IT. 


LanpBit  Maaii&ctiif«»  \ft  Ammca  of  CIVIL  ENOlNKfiRH*  md  StFRVEYOFtS*  TRAIT' 


0*k1c(^  ^^  Stfol  ■rill   Mf'laMii!  Tiipf  Liuert,  Bs^roinyU  ri^.  Ani^'mniii*U»rp^  Dmivftl|!^  Initm- 
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THE  BERLIN  IRON  BRIDGE  CO. 


CHAM,  M.  ^.4&rl8, 

Pyt*M*t  tin  ft  Chirf  Euff'r. 


No,  42* 

Tiie  above  illustrfttion,  takea  direct  from  a  photograph,  atioirs  a 
Bridge  designed  atid  buUt  by  ua  at  Torrington,  ConHvf  on  the  Kew 
York,  New  Bnveo  &  Hartford  Railroad, 

WRITE   FOR  OUR  ILLUSTRATED  OATALOCUE. 


No,  4-3, 

• 

Tbe  iibove  iliuslratiou,  lakup  direct  from  si  pUotoifrapb,  ^' 
con  struct  ion  of  a  Pftfabolic  Truss  Bridge  designed  »od  UujU  by  ^. 
city  of  Blngbamtnii,  N,  Y,     The  bridge  coiiBists  of  ihret;  spauf^  r'l  V' 
eiiab  — Willi  h  roadway  24  ft.  wide  Id  tbe  dear,  and  two  sUlewttlks  av  h 
8  ft.  wide  Id  the  clear. 

Office  ai^d  Works,      E^st  Bcrlif),  Gouik 
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PROCEEDINGS 

—  OF  THE  — 

Connecticut  Association 

—  OF  — 

Civil  Engineers  and  Surveyors, 

AT  ITS  SPRING  MEETING, 

Held  at  New  Britain,  May  31,  1893. 

In  response  to  a  very  cordial  invitation  from  the  Board  of 
Water  Commissioners  of  the  City  of  New  Britain  to  the 
Executive  Committee  and  members  of  the  Connecticut 
Association  of  Civil  Engineers  and  Surveyors  to  hold  a 
meeting  in  that  city,  and  to  visit  the  new  dam  recently  con- 
structed at  the  city  reservoir,  this  Association  held  its  spring 
meeting  at  New  Britain,  on  Wednesday,  May  31,  1893.  The 
morning  session  was  held  in  Odd  Fellows*  Hall.  The  meet- 
ing was  called  to  order  by  President  Augur  at  10:15  a.  m. 

It  was  the  intention  of  the  Mayor  of  the  city  and  the 
President  of  the  Board  of  Water  Commissioners  to  be  pres- 
ent and  address  a  few  words  of  welcome  to  the  members 
of  the  Association;  but,  on  account  of  the  unavoidable  ab- 
sence of  the  Mayor,  and  the  ill  health  of  the  President  of  the 
Board  of  Water  Commissioners,  Capt.  C.  H.  Beaton,  Clerk  of 
the  Board,  made  a  brief  address,  welcoming  the  members  of 
the  Association  to  the  city  and  assuring  them  that  every- 
thing possible  would  be  done  to  make  the  occasion  a  pleasant 
and  profitable  one. 

The  President  of  the  Association  responded  briefly,  thank- 
ing Capt.  Beaton  and  the  other  members  of  the  Board  of 
Water  Commissioners,  and  also  Mr.  Percy  M.  Blake,  the  Chief 
Engineer  of  the  new  works,  and  Mr.  R.  W.  Sherman,  the 
President  of  the  Troy  Public  Works  Co.,  for  the  very  cordial 
invitation  given,  and  for  providing  so  amply  for  the  comfort 
and  convenience  of  those  present  at  this  meeting,  including 
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the  facilities  for  visiting  and  inspecting  the  new  dam  and 
other  improvements  at  the  city  reservoir.  Allusion  was 
made  to  the  beauty  of  the  city,  and  to  the  thrift  and  business 
enterprise  which  had  characterized  its  citizens  and  made  it 
one  of  the  foremost  cities  of  the  State  in  manufactures  and 
educational  institutions.  The  fact  was  also  noted  that  the 
city  had  shown  a  progressive  spirit  in  matters  of  public  im- 
provement. The  people  have  appreciated  the  importance 
and  value  of  skilled  professional  service  in  the  planning  and 
supervision  of  its  water  works,  sewers,  and  the  improvement 
of  its  streets.  It  was  further  stated  that  the  meeting  had 
been  anticipated  with  a  great  deal  of  pleasure  and  satisfac- 
tion by  the  officers  and  executive  committee,  and  the  hope 
was  expressed  that  the  occasion  would  be  no  less  pleasant 
and  agreeable  to  the  gentlemen  through  whose  kindness  the 
arrangements  had  been  made,  and  whose  guests  the  mem- 
bers and  friends  of  the  Association  were  to  be  for  the  day. 
An  assurance  was  given  that  any  citizens  who  might  desire 
to  attend  the  meeting  and  listen  to  the  papers  and  discussions 
would  be  very  gladly  accorded  that  privilege.  The  reports 
of  the  Secretary  and  Treasurer  to  date  w^ere  then  read  and 
approved. 

Applications  were  presented  from  Thomas  S.  Bishop  and 
William  H.  Cadwell,  of  New  Britain,  Conn.,  and  John  Thomp- 
son McKnight,  of  Ellington,  Conn.,  for  membership  in  the 
Association.  Only  one  member  of  the  regular  Commit- 
tee on  Membership  being  present,  Messrs.  C.  M.  Jar\'is 
and  C.  H.  Bunce  were  appointed  to  act  with  the  member  of 
that  committee  present  as  a  special  committee  to  consider 
and  report  on  these  applications.  A  favorable  report  was 
made  upon  all  of  the  applications,  and  the  gentlemen  named 
were  duly  elected  members  of  the  Association. 

A  paper  was  then  read  by  Mr.  Edgar  Clark,  of  Putnam, 
Conn.,  entitled  "  Some  Practical  Suggestions  as  to  Processes 
and  Methods  for  Duplicating  Drawings."  It  was  followed 
by  questions  and  suggestions  by  members  present. 

The  same  gentleman  also  exhibited  an  improved  Panta- 
graph  which  he  had  recently  designed  and  constructed. 
This  instrument  differs  in  its  construction  from  most  instru- 
ments of  the  kind,  in  that  the  original  and  the  copy  are  on 
opposite  sides  of  the  point  of  attachment  to  the  draughting 
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"board  or  table,  and  also  in  that  it  is  adapted  to  copying  draw- 
ings upon  the  same  scale,  as  well  as  for  enlarging  or  reducing 
drawings.  The  principal  or  supporting  arms  of  the  instru- 
ment are  trussed,  both  horizontally  and  vertically,  so  that 
while  the  whole  instrument  is  very  light,  it  is  also  very  firm 
and  positive  in  its  motion.  The  instrument  and  its  operation 
were  of  no  slight  interest  to  those  present.  Mr.  Clark  has 
given  much  time  and  effort  to  the  development  of  this  inven- 
tion. It  is  hoped  that  his  efforts  in  this  direction  will  prove 
of  profit  to  himself,  as  well  as  of  service  to  the  members  of 
his  profession  and  others  who  have  occasion  to  use  such  an 
instrument. 

Mr.  George  H.  Frost,  of  the  Engineering  News^  being 
present,  was  then  introduced.  He  spoke  very  briefly,  ex- 
pressing his  pleasure  in  being  able  to  attend  this  meeting, 
which  seemed  likely  to  be  one  of  the  best  meetings  the 
organization  had  ever  held,  so  far  as  attendance  and  matters 
of  interest  and  attractiveness  were  concerned. 

Mr.  F.  P.  Stearns,  of  Boston,  Mass.,  Chief  Engineer  of  the 
Massachusetts  State  Board  of  Health,  then  read  a  paper  en- 
titled "  Sanitary  Progress  in  Massachusetts  in  Water  Supply 
and  Sewerage."  This  paper,  as  well  as  others,  elicited  much 
interest  and  considerable  discussion. 

Dr.  ,T.  M.  Drown  then  made  a  brief  address  without  notes, 
on  **  Water  for  Domestic  Uses,"  which  is  printed  in  this 
Report  from  the  stenographer's  notes. 

Mr.  Percy  M.  Blake,  of  Hyde  Park,  Mass.,  Chief  Engineer 
of  the  new  dam  and  other  improvements  of  the  New  Britain 
Water  Works,  then  read  a  paper  descriptive  of  the  same, 
which,  with  the  discussion  following  it,  will  appear  in  this 
Report. 

The  last  paper  was  read  by  Mr.  T.  H.  McKenzie,  of  South- 
ington,  one  of  the  State  Engineers  for  the  Inspection  of 
Dams,  to  whom  the  plans  for  the  dam  and  the  work  of  con- 
struction had  been  submitted.  He  commended  the  wisdom 
of  the  Board  of  Water  Commissioners  of  New  Britain  for  ad- 
hering to  the  gravity  supply  and  developing  to  the  greatest 
possible  extent  the  available  sources  of  supply  adjacent  to 
their  reservoir.  He  also  commended  the  engineers  who  had 
so  wisely  planned  the  work,  and  so  carefully  looked  after  and 
directed  its  construction. 
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Upon  motion  of  Mr.  F.  W.  La  Forge,  of  Waterbury,  a  vote 
was  unanimously  passed,  thanking  the  Board  of  Water  Com- 
missioners of  New  Britain  for  their  kindness  in  inviting  the 
Association  to  hold  its  present  meeting  here;  also  Mr.  Percy 
M.  Blake,  Chief  Engineer  of  the  new  dam  and  other  improve- 
ments of  the  New  Britain  Water  Works'  reservoir,  for  his 
courteous  reception  and  for  the  very  interesting  paper  he 
has  contributed;  also  Mr.  F.  P.  Stearns,  Chief  Engineer  of 
the  Massachusetts  State  Board  of  Health,  and  Dr.  T.  M. 
Drown,  Analyst  of  that  Board,  for  their  presence  at  our 
meeting  and  for  their  very  interesting  addresses;  also  Mr. 
R.  W.  Sherman,  President  of  the  Troy  Public  Works  Co.,  to 
whose  kindness  and  hospitality,  in  cooperation  with  the 
others  mentioned,  we  are  so  largely  indebted  for  this  pleas- 
ant and  enjoyable  occasion. 

The  Association  then  adjourned  to  the  Hotel  Russwin  for 
dinner. 

After  dinner  carriages  were  taken,  and  the  party  were 
driven  by  way  of  West  Main  street  and  the  extensive  pub- 
lic park  to  the  new  dam  and  reservoir,  where  the  utmost 
facilities  were  afforded  for  examining  the  dam,  the  canal 
entrances,  the  new  gatehouse,  the  pour-over,  etc.  Refresh- 
ments were  served,  after  which  the  party  returned  to  the 
city  to  take  trains  for  their  homes. 

The  Secretary  deems  it  proper  to  say  that  this  was  one  of 
the  most  profitable  and  interesting  meetings  which  the  Asso- 
ciation has  ever  held. 

A.  R.  WADSWORTH,  Secretary, 

Farmington,  Conn.,  July  ist,  1893. 


Note. — In  editing  and  condensing  the  stenographer's  report  of  the  discus- 
sions at  the  meeting  held  in  Meriden  last  August,  an  unintentional  omission 
was  made,  which  may  have  done  one  of  our  members  an  injustice.  After  Mr. 
Clark's  verbal  description  of  the  system  of  sewerage  adopted  for  the  city  of 
Meriden,  the  method  for  the  disposal  of  the  sewage  by  infiltration  and  broad 
irrigation  on  the  sandy  plains  below  the  city,  and  his  statement  that  the  work 
being  done  was  in  accordance  with  plans  made  by  Mr.  Carroll  Ph.  Bassett,  of 
New  Jersey,  Mr.  T.  H.  McKenzie,  of  Southington,  Conn.,  stated  that  the 
plan  adopted  was  substantially  the  one  submitted  by  himself  in  competition 
with  several  other  engineers,  and  which  was  adopted  and  paid  for  by  the  city. 
Mr.  McKenzie  then  distributed  to  the  members  present  copies  of  the  Meriden 
City  Annual  Report  of  the  previous  year,  containing  his  report  to  the  Special 
Sewer  Committee  of  the  City  of  Meriden.  There  was  no  intention  of  doing 
anyone  an  injustice.     Hence  this  explanation. 

A.  R.  WADSWORTH,  Secretary. 
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TREASURER'S  REPORT. 


The  Treasurer's  Report  to  date  of  meeting  was  then  read 
and  accepted,  as  follows: 

To  the  Officers  and  Members  of  the  Connecticut  Association  of 
Civil  Engineers  and  Surveyors: 
Gentlemen: — I  herewith  submit  the  following  statement 
of  the  receipts  and  expenditures  of  the  Association   from 
January  lo,  1893,  to  May  30,  1893: 

receipts. 

Balance  on  hand  January  10,  1893,         -        -        -  $1 35  76 

Membership  dues  for  1891,    -----  6  00 

Membership  dues  for  1892, 1200 

Membership  dues  for  1893, 127  00 

Sundries, 100 

ToUl, -        -  $281  76 

EXPENDITURES. 

Jan.    10.     Janitor's  fee.  City  Hall,  Hartford,        -  $2  00 

Jan.    II.     Paid  E.  P.  Aug^r,  bills  paid  by  him,     -  12  10 

Jan.    31.     Paid  E.  H.  Deming,  stamped  envelopes,  10  90 

Feb.     7.     Paid  Porter  L.  Wood,  stenographer,      -  12  37 

Feb.  27.  Paid  C.  M.  Gaines,  printing,  -  -  i  25 
Apr.   14.     Paid  Case,  Lockwood  &  Brainard  Co., 

printing, 6  65 

Mar.  10.  Paid  E.  L.  Warren,  express,  -  -  3  25 
May  20.     Paid  Pelton  &  King,   printing  Annual 

Reports, 128  10 

May  29.     Paid  Pelton  &  King,  printing,       -        -  9  00 

May  29.     Paid  E.  P.  Augur,  sundries,          -        -  12  05 

Balance  on  hand,           -        -        -        -  84  09 

Total,   -.--..-.  I281  76 

None  of  the  amounts  due  for  advertisements  in  the  1893 
Report,  just  out,  are  yet  collected. 

Quite  an  additional  amount  is  also  yet  to  be  paid  in  for 
membership  dues. 

A.  R.  WADSWORTH,  Treasurer, 

Farmington,  Conn.,  May  31,  1893. 
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SUGGESTIONS  AS  TO  PROCESSES 


-AN 


Methods  of  Duplicating  Drawings. 

By  EDGAR  CLARK,  Putnam,  Conn. 


To  the  Engineer,  some  good  process  for  duplicating  draw- 
ings, by  which  the  labor  necessary  to  reproduce  the  original 
drawing  is  saved,  is  almost  indispensable.  Among  the  dif- 
ferent processes  used  for  this  purpose,  the  Blue  Print  seems 
the  best  adapted  to  the  general  uses  of  the  Engineer,  and 
doubtless  is  the  one  most  in  vogue  at  the  present  time.  This 
process  was  invented  by  Professor  Herschel  of  England  in 
1 849,  but  was  not  considered  of  any  practical  value  until  about 
1876. 

The  first  Blue  Print  paper  sold  in  this  country  was  im- 
ported from  Paris.  For  several  years  after  it  came  into  gen- 
eral use,  it  was  prepared  by  hand. 

A  first-class  paper,  prepared  mechanically,  which  will  re- 
tain its  sensitiveness  for  several  months,  giving  good  clear 
prints  with  distinct  white  lines  and  a  bright  blue  ground,  can 
now  be  obtained  from  several  large  firms  in  this  country. 

When  one  has  many  drawings  to  be  copied,  it  is  undoubt- 
edly better  to  buy  the  paper  already  prepared,  as  it  can  be  had 
at  reasonable  prices;  but  if  for  any  reason  he  prefers  to  sen- 
sitize his  own  paper,  there  are  several  formulas,  differing- 
slightly  in  the  proportion  of  the  ingredients,  which  give  good 
results.     Among  them  I  will  mention  the  following: — 

I.     Blue  Print  Fluid  in  One  Solution. 

Red  Prussiate  of  potash,  %  oz.  or  320  grains. 

Citrate  of  Iron  and  Ammonia,  11-10  oz.  or  528  grains. 

Boiled  or  distilled  water,  6  fluid  ounces. 

Concentrated  Aqua  Ammonia,  34  minims  (drops),  about  ^  drachm. 
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Powder  the  Prussiate  of  Potash  in  a  porcelain  mortar,  or 
on  a  marble  slab,  add  the  water,  and  pour  into  an  earthen 
bottle  or  jar.  This  mixture  may  be  kept  for  ten  days  or  two 
weeks.  It  should  stand  a  few  hours  before  using,  though  it 
may  be  used  at  once.  One  fluid  ounce  of  this  mixture  is  suf- 
ficient for  about  i  Yt,  square  yards  of  paper. 

2.  Blue  Print  Paper  for  Cloudy  Weather. 

a,  Ammonio-citrate  of  IroD,  120  grains  in  one  fluid  ounce  of 
water,  to  which  add  a  few  drops  of  strong  ammonia  solution 
until  the  odor  is  quite  prcceptible. 

b,  Potassium-ferricyanide,  105  grains  in  one  fluid  ounce  of 
water. 

c,  Saturated  solution  of  Oxalic  Acid. 

Mix  together  equal  parts  of  a  and  b;  to  this  add  of  r  a  quan- 
tity one-fifth  as  large  as  that  of  the  mixture  of  a  and  b  together. 
For  all  ordinary  purposes  this  is  better  than  a  larger  propor- 
tion of  c. 

To  get  bright  blue  prints  and  clear  white  lines,  after  the 
usual  washing,  a  bath  of  quite  dilute  acid,  such  as  hydro- 
chloric, or  better,  oxalic,  tends  to  improve  the  clearness  of 
the  prints. 

Also  the  addition  of  oxalic  acid  to  the  Blue  Print  Mixture, 
lessens  the  necessary  time  of  exposure. 

Paper  that  does  not  absorb  much  of  the  solution  is  most 
suitable  for  all  Blue  Print  work.  To  get  the  best  results  the 
paper  should  be  prepared  in  a  darkened  room,  by  gas  light 
or  lamp  light,  a  short  time  before  using. 

3,  Mixture  for  Sensitizing  Paper. 

One  part  by  weight  of  Citrate  of  Iron  and  Ammonia; 
One  part  by  weight  of  Red  Prussiate  of  Potash; 
Eight  parts  by  weight  of  water. 

The  prime  requisite  for  making  good  prints  is  a  good  trac- 
ing, made  either  on  tracing  cloth  or  on  tracing  paper,  with 
heavy  black  ink,  care  being  taken  to  make  every  line  per- 
fectly opaque. 

The  time  of  exposure  will  vary  according  to  the  season  of 
the  year  and  the  intensity  of  the  light.  The  print  should  be 
exposed  until  the  margin  of  the  paper  has  turned  from  bluish 
to  a  grayish  tint.  In  summer,  four  minutes  in  a  bright  sun- 
light is  sufficient,  but  on  a  cloudy  day  it  requires  much 
longer  time.  In  winter  almost  double  the  time  of  exposure 
is  required.      After  the  exposure,  the  print  should  be  placed 
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in  a  tray  of  tepid  water  and  thoroughly  washed.  When  dr)% 
if  the  print  is  not  smooth,  ironing  on  the  back  improves  its 
appearance.     This  applies  especially  to  thin  paper. 

The  sensitizing  fluid  can  be  applied  to  the  paper  with  a 
sponge  or  a  flat  brush,  in  a  dimly  lighted  room.  The  pre- 
pared paper  should  be  kept  and  handled  only  in  dim  light, 
and  should  be  carefully  protected  from  dampness. 

For  printing  small  drawings  an  ordinary  photographers* 
printing  frame  is  very  suitable,  but  for  large  drawings  a 
frame  with  strong  springs  and  an  elastic  cushion  of  uniform 
thickness  can  readily  be  made,  if  more  perfect  apparatus  can- 
not be  obtained,  which  will  produce  good  results.  Some- 
times one  will  have  a  drawing  too  large  for  his  frame  or 
glass,  and  can  scarcely  afford  the  time  and  expense  of  send- 
ing it  away  to  have  copies  made.  In  such  cases  it  has  been 
my  custom  to  make  two  or  more  prints  36x24,  allowing  a 
margin,  and  then  pasting  the  sheets  together  after  carefully 
matching  the  lines. 

The  Blue  Print  Process  when  compared  with  others  is  found 
to  be  the  simplest  and  the  best,  especially  for  one  who  is  not 
skilled  in  photography,  other  processes  requiring  very  care- 
ful exposure  and  the  use  of  developers  to  bring  out  the  lines. 
These,  if  not  skillfully  used,  will  not  produce  good  prints 
There  are,  however,  two  processes  of  producing  black  lines 
on  a  light  back-ground,  which  I  shall  notice. 

The  first,  called  Progress  Paper,  is  prepared  by  Schwencke, 
Kirk  &  Co.,  New  York,  and  is  as  simple  as  the  Blue  Print 
Process.  It  is  exposed  and  washed  in  the  same  way  as  the 
prepared  Blue  Print  Paper. 

This  paper,  as  I  have  learned  by  experimenting,  is  im- 
proved in  whiteness  by  a  short  bath  in  a  dilute  solution  of 
citric  acid  and  water,  followed  by  thorough  washing  in  clear 
water.  This  treatment  follows  the  first  wash  after  print- 
ing. 

The  second  process,  consisting  of  black  lines  on  a  light 
back-ground,  is  called  the  Nigrosine  Process.  It  requires  a 
developer,  which  should  not  be  kept  too  long  before  using. 
The  prepared  paper  and  a  developer  for  this  process  are 
sold  by  the  Kenffel  &  Esser  Co.,  New  York,  and  other 
dealers. 
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Either  of  the  above  mentioned  New  York  houses,  as  well 
as  the  Keystone  Blue  Print  Co.,  and  the  Philadelphia  Blue 
Print  Co.,  of  Philadelphia,  furnish  blue  print  paper,  prepared 
or  unprepared,  of  a  superior  quality. 


Mr.  Chandler. — Instead  of  printing  the  paper  in  pieces 
and  afterwards  pasting  them  together,  why  not  fold  the  paper 
and  tracing  together,  and  print  it  one  part  at  a  time  ? 

Mr.  Clark. — Folding  might  be  satisfactory.  I  have  always 
pasted  it  together  as  the  most  practicable  way  for  me.  The 
largest  print  I  can  make  in  my  frame  is  2  feet  by  3  feet. 
Of  late  I  have  used  paper  3  feet  wide,  cutting  off  pieces  2  feet 
long,  and  afterwards  pasting  the  pieces  together,  allowing 
for  the  margin.      I  have  no  difficulty  in  matching  the  lines. 

Mr.  Loom  is. — Have  you  had  trouble  on  account  of  the  un- 
equal shrinking  of  the  paper  after  having  been  wet  ? 

Mr.  Clark. — I  have;  but  by  slightly  moistening  one  piece, 
the  lines  can  be  made  to  match. 

Mr.  Jar  vis. — We  find  the  Blue  Print  Process  the  best  in 
our  work.  No  attempt  should  be  made  to  scale  Blue  Print 
drawings.  We  have  a  rule  that  Blue  Prints  must  be  figured 
and  that  dimensions  must  not  be  determined  by  using  a  rule 
or  scale.  We  have  experimented  with  black  lines  on  a  white 
back-ground,  but  have  had  rather  poor  success. 

Mr. . — How  does  the  cost  of  the  black  print  paper  com- 
pare with  blue  print  paper  ? 

Mr.  Clark. — The  cost  of  the  former  is  slightly  greater.  I 
have  samples  of  the  prints  and  a  price  list  here.  Speaking 
of  scaling,  it  has  been  my  custom  to  construct  a  scale  upon 
the  original,  which  is  copied  with  the  Blue  Print.  Shrinkage 
is  different  in  different  sheets  of  paper.  Paper  usually 
shrinks  less  crosswise  than  lengthwise. 

Mr.  Bunce. — I  believe  from  my  experience  that  no  me- 
chanic should  put  a  scale  upon  any  drawing.  The  draught- 
ing-room  should  be  held  responsible  for  all  drawings,  scales, 
etc.  If  the  mechanic  cannot  find  the  dimensions  from  figures 
on  the  plan,  he  should  send  it  back  to  the  draughtsman.  A 
mechanic  should  never  be  allowed  to  scale  a  drawing. 
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Mr.  Jar  vis. — I  agree  with  Mr.  Bunce.  Different  mechanics 
will  not  scale  the  same  drawing  precisely  alike.  We  have 
found  that  men  in  using  gauges  will  vary  from  t^  to  ^  of  an 
inch  from  each  other  on  the  same  piece.  No  mechanic  should 
be  allowed  to  scale  drawings;  he  should  take  the  dimensions 
as  indicated  by  figures  instead. 

Mr.  Loomis. — My  experience  teaches  me  that  all  paper  is 
liable  to  shrink.  It  depends  somewhat  upon  the  state  of  the 
atmosphere.  Blue  Prints  are  no  less  likely  to  shrink  than 
ordinary  drawing  paper. 

Mr.  Clark. — I  have  not  taken  special  notice  of  the  differ- 
ence between  the  results  accomplished  with  this  paper  and 
the  paper  prepared  by  the  Nigrosine  Process.  I  think  the 
difference  in  the  results  might  depend  somewhat  on  the 
quality  of  the  paper.  I  know  of  no  better  paper  of  this  kind 
than  the  paper  upon  which  these  prints  were  made. 

Mr. .  —  Does  this  paper  give  as  dark  lines  as  the  Nigro- 
sine paper  ? 

Mr.  Clark. — The  Progress  paper,  I  think,  produces  clearer 
lines  and  figures  than  the  other  process,  at  least  that  has 
been  my  experience  in  using  them.  Perhaps  this  print 
may  have  been  under-exposed.  I  have  learned  that  by  un- 
der-exposure the  back-ground  comes  out  darker.  Over-ex- 
posure renders  the  lines  less  distinct.  Practice  will  teach  one 
what  length  of  exposure  will  give  the  best  results.  The  Im- 
perial paper,  prepared  by  the  Philadelphia  Blue  Paper  Co.,  is 
the  best  I  have  used  for  Blue  Prints. 
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Sanitary  Progress  in  Massachusetts 

—  IN  — 

Water  Supply  and  Sewerage. 

By  FREDERIC  P.  STEARNS, 
Chief  Engineer  of  the  Massachisetts  State  Board  of  Health. 


Your  President  very  kindly  invited  me  to  be  present  with 
you  to-day,  and  also  requested  that  I  should  make  a  brief 
address  on  the  above-mentioned  subject. 

Sanitary  progress  in  Massachusetts  in  matters  of  water 
supply  and  sewerage  undoubtedly  began  soon  after  the  Pil- 
g^ms  landed  on  Plymouth  Rock,  and  another  era  in  its 
progress  began  about  loo  years  ago,  when  aqueduct  com- 
panies introduced  small  systems  of  water  supply  into  several 
cities  and  towns  in  our  State.  I  do  not  propose,  however,  in 
the  few  minutes  that  I  shall  talk  to  you,  to  go  back  into  the 
ancient  history  of  the  subject,  but  will  confine  my  remarks 
to  a  period  within  the  memory  of  nearly  everyone  here 
present. 

In  1870  there  were  but  twenty  public  water  supplies,  or 
less  than  one-seventh  of  the  number  at  the  present  time.  In 
1870,  also,  the  State  Board  of  Health  had  been  in  existence 
but  one  year.  I  mention  this  fact  in  connection  with  the 
sanitary  progress  in  matters  of  water  supply  and  sewerage, 
because  almost  from  the  beginning  this  Board  has  paid  much 
attention  to  questions  of  water  supply,  sewerage,  and  the 
pollution  of  streams,  and  by  its  investigations  and  the  infor- 
mation which  it  has  diffused,  it  has  done  much  ever  since 
this  date  to  create  an  enlightened  public  sentiment  in  these 
matters. 

I  cannot  go  into  much  detail,  and  will  therefore  mention 
next,  as  an  important  step  in  sanitary  progress,  some  legis- 
lation enacted  in  1878  which  prohibited  the  discharge  of  any 
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large  quantity  of  polluting  matter  into  any  stream  used  as  a 
source  of  water  supply  within  twenty  miles  above  the  point 
where  the  water  supply  is  taken,  and  entirely  prohibited  the 
discharge  of  human  excrement  into  such  streams.  The  Mer- 
rimack and  Connecticut  rivers,  however,  were  excluded  from 
the  provisions  of  this  act.  The  city  of  Boston  has  made  use 
of  this  law  in  preventing  the  pollution  of  its  sources  of  water 
supply,  and  it  has  been  a  valuable  aid  in  maintaining  the 
purity  of  the  streams. 

As  the  next  prominent  feature  in  sanitary  progress,  I  may 
mention  the  appointment  of  the  Massachusetts  Drainage  Com- 
mission, in  1884.  This  Commission  was  instructed  to  devise 
systems  of  sewerage  for  the  valleys  of  the  Blackstone,  Charles 
and  Mystic  rivers,  all  of  them  highly  polluted  streams.  Mr. 
John  Quincy  Adams  was  chairman  of  the  Commission,  and 
Mr.  Eliot  C.  Clarke  was  chief  engineer.  In  addition  to  devis- 
ing systems  of  sewerage  for  these  valleys,  this  Commission, 
under  the  provisions  of  one  section  of  the  act,  presented  to 
the  Legislature  of  1886  drafts  of  certain  laws,  two  of  which 
were  adopted.  One  of  them  required  the  city  of  Worcester 
to  purify  its  sewage  before  discharging  it  into  the  Blackstone 
river,  and  the  other  was  a  general  water  supply  and  sewerage 
law,  the  execution  of  which  was  intrusted  to  the  State  Board 
of  Health.  It  is  under  the  provisions  of  the  latter  law  that 
I  am  now  employed  by  the  State  Board  of  Health,  and  both 
on  account  of  my  familiarity  with  its  workings,  and  because 
it  is  a  law  which  may  with  advantage  be  adopted  by  other 
States,  I  will  refer  to  it  more  at  length. 

Its  title  is  "An  Act  to  Protect  the  Purity  of  Inland  Waters." 
By  its  provisions  the  State  Board  of  Health  is  charged  with 
the  oversight  and  care  of  all  inland  waters,  and  is  authorized 
to  make  experiments  upon  the  disposal  of  sewage  and  manu- 
facturing wastes,  and  to  make  examinations  of  water  supplies 
and  rivers.  All  cities,  towns,  and  corporations  intending  to 
introduce  systems  of  water  supply  and  sewerage  are  also 
required  by  this  act  to  submit  their  plans  to  the  State  Board 
of  Health  for  its  advice.  It  is  obvious  that  the  expenditure 
of  a  considerable  sum  of  money  is  required  to  make  this  act 
thoroughly  effective,  and  the  Legislature  has  very  generously 
appropriated  about  $27,000  per  year  for  this  purpose. 
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There  has  been  no  difficulty  in  getting  the  cities,  towns, 
and  corporations  to  comply  with  the  portion  of  the  law  re- 
quiring them  to  submit  their  plans  of  water  supply  and  sew- 
erage, and  the  total  number  of  applications  to  the  present 
time  has  been  about  250.  The  water  supply  applications 
have  been  received  from  rather  more  than  100  towns,  having 
an  aggregate  population  of  1,000,000,  and  the  sewerage  appli- 
cations from  65  towns,  with  a  population  of  750,000.  The 
State  contains  352  cities  and  towns,  and  had  in  1890  a  popu- 
lation of  2,238,943. 

The  powers  of  the  Board  under  the  act  are  advisory,  but 
its  advice  has  generally  been  complied  with,  and  I  doubt  if 
there  would  be  any  advantage  at  the  present  time  in  giving 
it  mandatory  powers. 

The  results  obtained  by  the  Board  from  its  experiments  on 
the  purification  of  sewage  and  water  and  its  examination  of 
water  supplies  have  been  published  from  time  to  time  in 
much  detail,  and  I  think  it  fair  to  say  that  the  information 
furnished  by  the  Board  in  this  and  other  ways  controls  to  a 
large  degree  the  practice  of  water  supply  and  sewerage 
engineers  in  at  least  the  eastern  section  of  our  country. 

I  will  refer  in  the  remainder  of  my  address  to  a  few  points 
of  sanitary  progress  in  which  the  Massachusetts  State  Board 
of  Health  has  taken  a  prominent  part. 

In  the  question  of  the  disposal  of  sewage  by  intermittent 
filtration,  it  has  been  clearly  shown  by  the  experiments  of 
the  Board  that  it  is  not  a  mere  straining  process,  but  that 
when  properly  done  a  chemical  purification  of  the  sewage 
takes  place,  which  requires  time  and  the  contact  of  the 
sewage  with  a  sufficient  amount  of  free  oxygen.  The  prin- 
ciples governing  the  process  are  very  well  shown  by  the 
following  experiments:  In  the  first,  sewage  was  filtered 
through  a  tank  containing  stones  as  large  as  robins'  eggs. 
It  was  applied  in  small  quantities  at  a  time  and  evenly  dis- 
tributed over  the  surface  of  the  stones,  but  when  it  had 
filtered  through  a  depth  of  five  feet  it  was  very  thoroughly 
purified.  It  is  obvious  in  this  case,  from  the  large  size  of 
the  interstices,  that  the  impurities  could  not  have  been 
strained  out,  and  we  must  therefore  attribute  the  purifica- 
tion to  the  fact  that  the  sewage  spread  itself  in  thin  films 
over  the  surfaces  of  the  stones,  where  it  had  free  access  to 
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the  oxygen  of  the  air.  If  the  sewage  had  been  turned  upon 
a  filter  of  this  kind  in  one  spot,  or  in  very  large  quantities,  it 
would  have  run  through  in  too  short  a  time  to  permit  puri- 
fication. 

Another  contrasting  experiment  was  made  by  filtering  the 
sewage  through  five  feet  of  fine  surface  soil.  In  this  case  it 
is  obvious  that  there  was  a  very  thorough  straining,  and 
there  was  no  trouble  about  the  element  of  time,  because  the 
sewage  would  not  pass  through  such  fine  material  rapidly. 
On  account  of  the  fineness  of  the  material,  however,  it  re- 
mained saturated,  and  the  oxygen  of  the  air  could  not  enter 
the  pores  of  the  soil,  so  that  while  the  filter  as  a  strainer 
removed  the  suspended  matter  of  the  sewage,  it  allowed  the 
soluble  matter  to  pass  through  without  purification  and  pro- 
duce an  offensive  effluent. 

Now  let  me  speak  of  the  effect  of  such  experiments  upon 
the  actual  practice  of  engineers.  Six  years  ago  I  saw  a  bed 
being  prepared  for  the  disposal  of  sewage  from  a  public  in- 
stitution in  this  manner:  The  soil  was  first  carefully  removed, 
then  the  gravel  was  graded  to  a  level  and  the  soil  was  re- 
placed upon  the  surface  at  a  considerable  expense.  This  was 
in  accordance  with  an  idea  which  then  prevailed,  that  the 
layer  of  soil  would  be  of  assistance  in  the  purification  of  the 
sewage.  To-day  we  know,  both  by  experiment  and  by  actual 
practice  with  disposal  fields,  that  the  soil  is  a  disadvantage, 
because  it  prevents  the  free  access  of  air  to  its  pores  and  to  the 
pores  of  the  gravel  beneath  the  soil.  The  city  of  Brockton  is 
to-day  constructing  filter  beds  from  which  the  soil  is  being 
removed,  and  the  same  practice  was  followed  either  wholly 
or  in  part  in  preparing  the  beds  to  dispose  of  the  sewage  of 
South  Framingham,  Marlborough,  Gardner,  Medfield,  and 
Westborough. 

It  may  be  well  to  call  your  attention  to  one  other  point  in 
regard  to  sewage  filtration.  I  have  already  mentioned  the 
need  of  porous  ground  for  the  filtration  of  sewage,  and  may 
go  further  and  say  that  the  amount  of  sewage  which  can  be 
disposed  of  per  acre  varies  to  a  considerable  extent  with  the 
porosity  of  the  ground.  In  order  to  define  the  degree  of 
porosity  of  different  materials  a  system  of  mechanical  analyses 
was  devised  by  Mr.  Allen  Hazen,  chemist  in  charge  at  the 
Lawrence  Experiment  Station,  and  upon  comparing  these 
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mechanical  analyses  with  ^he  results  obtained  from  the  expe- 
riments upon  filtration,  he  found  that  materials  should  not  be 
graded  by  their  average  coarseness,  but  by  the  coarseness  of 
those  particles  which  separated  the  finest  lo  per  cent,  from  the 
remaining  90  per  cent,  of  the  whole  mass.  These  mechanical 
analyses  are  made  by  sifting  the  material  through  sieves  of 
varying  degrees  of  fineness  and  by  other  methods,  which  I 
will  not  attempt  to  describe;  and  from  such  analyses  it  is 
feasible  to  tell  much  more  definitely  than  by  mere  inspection 
the  amount  of  sewage  which  a  given  material  will  purify. 

Six  years  ago  Lenox  was  the  only  town  in  Massachusetts 
which  attempted  to  purify  its  sewage  before  discharging  it 
into  a  stream.  Now  the  list  includes  plants  for  the  purifica- 
tion of  sewage  upon  land  at  South  Framingham,  Marlborough, 
Gardner,  Medfield,  Westborough,  and  Lenox,  and  a  chemical 
precipitation  plant  at  Worcester.  At  several  of  these  places 
most  excellent  results  are  being  obtained. 

To  refer  to  the  question  of  water  supply,  it  was  the  prac- 
tice of  engineers  in  our  State  up  to  seven  years  ago,  to  con- 
struct open  distributing  reservoirs  without  regard  to  whether 
the  water  supply  was  derived  from  the  ground  or  from  sur- 
face sources.  At  the  present  time  I  may  say  that  it  is  the 
practice  to  store  ground  waters  in  reservoirs  from  which  the 
light  is  excluded,  and  in  this  way  prevent  the  deterioration 
of  the  water.  The  city  of  Newton,  the  town  of  Brookline, 
and  the  Hyde  Park  Water  Co.,  all  of  which  have  ground 
water  supplies,  have  built  new  covered  reservoirs  and 
have  practically  abandoned  the  open  reservoirs  previously 
used. 

The  subject  of  the  filtration  of  water  has  been  agitated  to 
a  very  considerable  extent,  and  there  is  a  growing  feeling 
that  all  drinking  water  should  be  filtered.  We  have  had  very 
great  success  in  what  we  may  call  natural  filtration,  the  water 
being  taken  from  wells  or  galleries  in  porous  material  near  a 
stream  or  pond.  In  many  of  these  cases  it  is  known  that  the 
water  comes  from  the  stream  or  pond,  yet  the  water  so  taken 
under  proper  circumstances  is  about  as  good  as  if  it  was  a  true 
ground  water.  Under  other  conditions,  however,  an  imper- 
fectly filtered  water  is  obtained  which  is  liable  to  contain  iron 
and  to  develop  a  growth  of  the  organism  Creywthrix.  The 
conditions  governing  perfect  and  imperfect  filtration  are  now 
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quite  well  known,  but  I  will  not  tajce  time  to  speak  of  them 
here. 

The  experiments  of  the  Board  upon  the  filtration  of  water^ 
have  shown  that  it  is  feasible  to  remove  the  bacillus  of  ty- 
phoid fever  by  passing  the  water  through  sand  which  is  suf- 
ficiently coarse  to  permit  filtration  at  the  rate  of  1,500,000 
gallons  per  acre  per  day. 

As  other  indications  of  progress  I  may  mention  that  the  city 
of  Boston  now  has  a  well-equipped  laboratory  at  the  Chest- 
nut Hill  reservoir  for  the  examination  of  its  waters,  and  it  has 
been  experimenting  upon  the  filtration  of  the  city  water  for 
fully  two  years.  The  city  of  Lawrence  is  now  constructing  a 
sand  filter  for  the  purification  of  the  Merrimack  river  water. 

One  very  important  feature  of  the  work  of  the  Board  has 
been  the  investigation  of  epidemics  of  typhoid  fever.  These 
investigations  have  been  conducted  for  the  most  part  by  Prof. 
W.  T.  Sedgwick,  the  Biologist  of  the  Board,  and  in  several 
cases  he  has  found  after  a  very  thorough  and  complete  inves- 
tigation that  the  epidemics  were  caused  by  the  water  supply. 
In  every  case  where  this  result  has  been  reached,  the  water 
supply  is  taken  from  a  running  stream  which  at  some  point 
above  the  intake  is  known  to  have  been  polluted  by  sewage 
from  typhoid  fever  patients.  These  results  and  similar  re- 
sults obtained  in  other  places  have  led  to  the  conclusion  that 
a  polluted  running  stream  by  which  infectious  matter  can 
be  carried  to  a  water  works  intake  before  it  loses  its  virulence, 
is  the  most  dangerous  source  of  water  supply,  where  the 
water  is  taken  without  filtration,  even  if  the  degree  of  dilu- 
tion of  the  sewage  is  so  great  that  it  is  not  noticeable  by 
chemical  analysis. 

The  mention  of  this  subject  recalls  to  my  mind  a  conversa- 
tion with  a  water  commissioner  of  a  town  in  a  State  adjacent 
to  Massachusetts.  He  told  me  that  it  was  proposed  to  take  a 
water  supply  for  the  town  from  a  small  river,  and  from  my 
own  knowledge  of  the  case  I  was  aware  that  not  far  up  stream 
there  were  two  growing  towns,  having  a  total  population  of 
15,000,  that  turned  a  considerable  amount  of  sewage  into  the 
stream.  Continuing  the  conversation,  he  said  they  had  sent 
to  the  chemist  a  sample  of  this  water,  marking  the  bottle 
only  with  a  number,  so  that  the  chemist  had  no  knowledge 
of  its  source,  and  that  he  had  reported  that  the  water  was  of 
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excellent  quality  and  suitable  for  the  purposes  of  a  public 
water  supply.  A  statement  of  this  kind  shows  a  relic  of  bar- 
barism in  sanitary  matters.  In  the  first  place,  the  committee 
should  have  furnished  the  chemist  with  full  information  as 
to  the  source  of  the  sample,  and,  in  the  second  place,  the 
chemist  should  never  have  given  an  opinion  without  having 
full  knowledge  of  the  source.  The  result  will  be  in  my 
opinion,  a  water  supply  that  will  endanger  the  health  of  the 
town^  and  I  am  glad  to  be  able  to  say  that  we  have  made 
enough  sanitary  progress  in  Massachusetts  to  prevent  a  water 
supply  of  this  character  from  being  introduced  in  our  State 
at  the  present  time. 

My  remarks  will  be  incomplete  if  I  do  not  at  least  mention 
by  name  the  great  sewerage  system  of  the  city  of  Boston, 
and  the  similar  Metropolitan  Sewerage  System  for  about  13 
cities  and  towns  in  the  vicinity  of  Boston,  which  was  devised 
by  the  State  Board  of  Health  and  is  now  being  constructed 
by  the  Metropolitan  Sewerage  Commission  at  a  cost  of  five 
million  dollars. 


Mr.  Wadsworth. — You  spoke  of  filtering  water  for  drink- 
ing purposes.  Will  you  give  us  a  description  of  your  filter- 
bed? 

Mr.  Stearns. — There  are  no  filter-beds  in  Massachusetts 
now  in  use  for  the  filtration  of  water,  though,  as  I  have 
already  stated,  one  is  now  being  constructed  at  Lawrence. 
This  will  consist  of  a  layer  of  five  or  six  feet  of  sand  having 
a  grain  of  medium  size  resting  upon  a  drainage  layer  of 
coarse  gravel  or  broken  stone.  The  filter  will  therefore 
resemble  to  some  extent  the  artificial  filters  which  are  so  fre- 
quently used  abroad,  but  great  care  has  been  taken  in  the 
selection  of  the  sand  for  the  filter,  to  obtain  sand  which  pre- 
vious trials  at  the  Lawrence  Experiment  Station  had  shown 
to  be  fine  enough  to  remove  the  bacillus  of  typhoid  fever  and 
yet  not  too  fine  to  permit  the  water  to  pass  freely  enough,  so 
that  the  bed  will  not  have  to  be  excessively  large. 

Mr.  McKenzie. — I  think  you  stated  that  the  filtration  was 
at  the  rate  of  1,500,000,000  gallons  per  acre  per  day. 
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Mr.  Stearns. — I  think  that  is  about  the  rate  at  which  the 
water  is  to  be  filtered. 

Mr.  McKenzie. — At  that  rate  of  filtration  would  not  the 
bed  probably  become  clogged  in  time  ? 

Mr.  Stearns. — I  have  no  doubt  that  it  would  be  necessary 
to  scrape  the  surface  occasionally. 

Mr. . — Could  such  a  bed  be  used  long  without  becom- 
ing clogged  ? 

Mr.  Stearns. — Probably  not. 

Mr.  Loomis. — All  experiments  in  sewage  filtration  have 
been  a  failure,  have  they  not  ? 

Mr.  Stearns. — I  cannot  agree  with  that  statement,  although 
sewage  filtration  has  been  more  successful  at  some  places  than 
at  others.  The  first  case  of  sewage  filtration  upon  a  large  scale 
in  Massachusetts  is  that  of  Framingham.  At  this  place  a 
tract  of  sixty-five  acres  of  porous  land  has  been  secured,  and 
eleven  acres  have  been  prepared  in  beds  for  the  intermittent 
filtration  of  sewage.  The  beds  are  underdrained  to  only  a 
limited  extent,  and  nine-tenths  of  the  water  passes  through 
the  ground  to  a  lower  level,  and  comes  out  in  natural  springs 
at  the  edge  of  a  meadow.  The  analyses  of  samples  of  water 
from  the  underdrains  have  shown  a  high  degree  of  purifica- 
tion, while  the  analyses  of  water  from  the  natural  springs 
have  shown  that  the  water  coming  out,  after  passing  for  a 
long  distance  through  the  ground,  is  almost  perfectly  pure 
organically,  although  it  contains  the  mineral  elements  which 
are  found  in  sewage.  The  analysis  of  this  efiiuent  is  so 
nearly  the  same  as  that  of  some  of  the  spring  water  sold  in 
Boston  for  drinking  purposes  that  a  chemist  could  not  dis- 
tinguish between  the  two. 

Mr.  Wadsworth. — Does  the  State  Board  of  Health  or  its 
Biologist  recommend  the  filtration  of  all  drinking  water  ? 

Mr.  Stearns. — Professor  Sedgwick,  the  Biologist  of  the 
Board,  read  a  paper  before  the  New  England  Water  Works 
Association,  advocating  the  filtration  of  all  polluted  surface 
waters,  and  I  think  there  is  a  growing  feeling  among  engi- 
neers and  sanitarians  generally  that  the  filtration  of  water 
should  be  practiced  much  more  generally  than  it  now  is. 
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Mr.  McKenzie. — In  actual  practice  in  Massachusetts  do 
the  cities  or  towns  having  these  sewage  filter-beds  attend  to 
them  regularly  in  accordance  with  your  instructions  and  regu- 
lations ? 

Mr.  Stearns. — In  several  instances  there  is  a  good  deal  of 
care  taken  in  the  operation  of  the  filter-beds;  in  other  cases 
not  as  much.  I  think  it  very  important  to  provide  conditions 
if  possible  under  which  filter-beds  will  give  fairly  good  suc- 
cess, even  if  not  carefully  attended  to.  I  know  of  one  case 
where  very  little  attention  was  given  a  filter-bed,  and  yet  as 
it  consisted  of  loose  porous  gravel  not  underdrained,  and  is 
at  a  considerable  distance  from  habitations,  the  effluent  is 
very  thoroughly  purified  when  it  comes  out  in  a  spring  at 
the  edge  of  a  meadow,  and  no  complaint  has  ever  been 
received  of  odor  from  the  works.  This  bed  has  been  in 
operation  about  six  years. 

Mr.  Frost. — I  suppose  the  people  of  Massachusetts  and 
of  New  England  recognize  Massachusetts  as  the  fountain- 
head  of  all  knowledge  and  authority  on  water  and  sewage. 
Everywhere  the  labors  of  the  Massachusetts  State  Board  of 
Health  are  appreciated.  Very  soon,  I  think,  it  will  be  recog- 
nized that  Massachusetts  is  the  great  educator  in  the  disposal 
of  sewage.  Down  where  I  live  they  call  those  of  us  who 
have  business  elsewhere  "roosters."  But  there  are  so  many 
of  us  that  we  take  possession  of  the  place.  Recently  I  was 
put  on  the  Board  of  Sewer  Commissioners,  to  save  the  salary 
of  an  engineer.  Some  efforts  have  been  made  to  sewer  the 
city  of  Plainfield.  Preliminary  to  the  adoption  of  a  plan  for 
the  work,  the  President  of  the  Council  and  myself  were  sent 
to  Massachusetts.  We  went  to  Lawrence  first.  In  the  three 
hours  we  spent  there  we  learned  very  much.  After  that  we 
went  to  Framingham.  We  recommended  intermittent  filtra- 
tion for  Plainfield,  and  expect  to  carry  it.  I  became  so  much 
interested  in  the  subject  that  I  sent  a  man  to  visit  every 
filter-bed  in  the  United  States.  Since  then  we  have  pub- 
lished an  account  of  his  visits,  and  will  have  it  out  in  a  short 
time.  There  are  twenty-four  or  twenty-five  such  places 
in  the  United  States.  In  Great  Britain  they  take  less  care 
than  we  do.  One  great  reason  why  Massachusetts  leads  is 
that  she  has  educated  her  young  men  how  to  do  it.     All  the 
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gentlemen  of  the  Board  are  graduates  of  Massachusetts  col- 
leges. They  can  tell  you  just  what  the  constitution  of  the 
beds  should  be  to  take  care  of  the  greatest  amount  of  sewage 
in  the  proper  way.  It  is  now  a  simple  matter  to  determine 
the  character  of  the  soil  in  your  neighborhood,  by  sending  to 
the  Board  of  Health.  In  the  interior  cities  and  towns  there  is 
no  way  of  getting  rid  of  sewage  except  by  some  such  method 
as  filtration  or  irrigation.  Intermittent  filtration  is  the  most 
popular.  There  are  many  towns  in  New  Jersey  where  they 
cannot  get  to  tide  water.  In  Massachusetts  there  must  be 
more  and  more  towns  adopting  this  method.  I  wish  to  testify 
to  the  great  work  being  done  and  the  valuable  reports  that  are 
being  published.  They  are  standard  for  the  United  States 
and  the  whole  world  for  the  disposal  of  sewage  and  purifica- 
tion of  water.  I  was  very  much  interested  in  hearing  Mr. 
Steams'  outline  of  the  work  of  the  Board. 

Mr.  McKenzie. — I  wish  to  say  a  word  regarding  the  appre- 
ciation of  the  people  of  Connecticut.  Our  State  Board  of 
Health  applied  to. the  Committee  on  Public  Health  for  an 
increased  appropriation.  After  investigating  the  matter 
thoroughly,  the  Committee  of  the  General  Assembly  reported 
adversely,  saying  that  the  work  done  in  Massachusetts  was 
so  thorough  that  a  larger  appropriation  was  wholly  unneces- 
sary. 

Mr.  Stearns. — I  had  hoped  that  my  coming  here  might 
help  to  promote  legislation  in  Connecticut  relative  to  the 
supervision  of  water  supplies  and  sewerage  and  the  preven- 
tion of  the  pollution  of  streams.  It  seems  to  me  that  the 
supervision  by  the  State  Board  of  Health  of  Massachusetts 
has  in  many  cases  prevented  towns  from  adopting  faulty 
systems  of  water  supply  and  sewerage,  and  in  cases  where  it 
has  seemed  necessary,  for  the  present,  to  permit  the  discharge 
of  sewage  into  streams,  the  Board  has  advised  that  the  works 
be  arranged  with  reference  to  the  future  purification  of  the 
sewage  whenever  it  shall  become  necessary.  As  an  instance 
of  the  trouble  which  may  result  from  not  having  works 
properly  designed  in  this  respect,  the  case  of  Worcester  may 
be  cited.  This  city  was  authorized  in  1867  by  the  Legislature 
to  discharge  its  sewage  into  a  brook,  and  when  the  Black- 
stone    river  became  so  much    polluted    that    the    sewage 
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required  purification,  it  had  been  mingled  with  so  much  brook 
and  storm  water  that  the  purification  of  the  sewage  became 
a  matter  of  great  difficulty.  I  do  not  say  this  as  a  reflection 
upon  the  engineers  who  designed  the  Worcester  system 
twenty-six  years  ago,  because  much  less  was  then  known 
with  regard  to  stream  pollution  and  the  purification  of 
sewage.  It  is  fair  to  suppose  that  a  Board  making  a  con- 
stant study  of  these  questions  should  be  able  to  prevent  many 
mistakes  which  towns  are  liable  to  make.  I  believe  the 
supervision  of  a  State  Board  of  Health  to  be  a  very  desirable 
thing  and  to  be  worth  more  than  it  costs,  and  I  should  be 
verj'  glad  if  the  engineers  here  would  support  the  State 
Board  of  Health  of  Connecticut  in  these  matters. 

Mr.  Frost. — It  has  occurred  to  me  that  in  the  disposal  of 
sewage  in  the  future  there  is  something  for  engineers  to  do. 
If  you  are  going  to  have  good  sewerage,  you  must  have  close 
joints.  It  is  a  difficult  thing  to  get  an  engineer  who  will  insist 
upon  close  joints.  It  is  no  easy  matter  to  determine  upon  the 
engineer  for  such  work.  It  is  one  thing  to  build  a  line 
of  sewers  and  another  to  build  them  with  tight  joints.  The 
construction  of  sewers,  according  to  the  separate  system,  is 
going  to  be  a  specialty.  I  make  these  suggestions  to  show 
that  this  is  an  important  field  of  work  that  will  more  and  more 
require  special  qualifications  on  the  part  of  engineers.  I  shall 
soon  employ  an  engineer  for  the  sewerage  of  Plainfield,  and 
the  man  who  goes  on  to  that  work  I  shall  trust  implicitly;  but 
I  shall  select  him  with  great  care,  for  our  work  must  be  done 
in  a  model  way. 
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Water  for  Domestic  Uses. 

RE-MARKS 

—  OF  — 

Dr.  THOMAS  M.  DROWN, 

Of   The   Massachusetts   Institute   of   Technology. 
Analyst  of  the  Massachusetts  State  Board  of  Health. 


It  gives  me  pleasure  to  respond  to  the  invitation  of  your 
President  and  Mr.  Blake  to  say  a  few  words  on  the  sanitary 
side  of  water  supply. 

What  constitutes  a  pure  water  supply  and  who  shall  be  the 
judge  of  its  purity  ?  Shall  it  be  the  physician,  the  chemist, 
or  the  biologist?  By  pure  water  I  mean,  of  course,  that 
which  is  wholesome  and  fit  for  drinking,  for,  as  we  all  well 
know,  absolutely  pure  water  is  unknown  in  nature. 

A  man  naturally  goes  to  his  doctor  in  matters  pertaining 
to  health;  he  is  supposed  to  know  all  about  the  human  system, 
and  the  things  which  will  affect  it  favorably  or  unfavorably. 
And  yet  I  must  confess  that  I  often  get  out  of  patience  with 
the  doctors  when  they  talk  about  the  effect  of  drinking  water 
on  the  health  of  a  community.  I  have  in  mind  a  case  where  a 
suit  was  brought  for  damages  against  a  landlord  because  the 
doctor  attributed  the  sickness  of  several  members  of  the  house- 
hold to  the  impure  water  of  the  well,  and  the  cases  of  sick- 
ness included  rheumatism,  nervous  prostration,  eczema,  and 
general  debility.     A  very  potent  water  surely  was  this! 

You  are  all  doubtless  familiar  with  instances  of  local  epi- 
demics— diphtheria,  cholera  infantum,  and  others — being  at- 
tributed by  physicians  to  the  water  supply.  Particularly  is 
this  the  case  when  the  water  at  the  time  has  more  or 
less  taste  or  odor.  Now  I  have  great  sympathy  with  the 
practicing  physician  in  the  difficulties  under  which  he  often 
labors  in  ascertaining  the  cause  of  disease  when  he  is  called 
upon  to  fight  it,  and  I  approve  heartily  of  any  preventive 
measures  he  may  take  in  his  endeavor  to  discover  the  cause. 
For  instance,  I  might  approve  of  a  physician  recommending 
the  temporary  avoidance  of  the  regular  water  supply  in  the 
case  of  an  epidemic,  to  see  if  the  cause  was  in  the  water. 

What  I  object  to  is  the  positive  condemnation  of  the  water 
supply  as  a  source  of  danger,  on  unsufhcient  grounds — or  no 
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grounds  whatever — thereby  causing  needless  alarm  and  do- 
iiig  great  injustice  to  water  commissioners  or  superintendents 
who  may  be  zealous  in  preserving  the  purity  of  the  water. 

When,  as  is  frequently  the  case  in  summer,  the  waters  of 
ponds  or  reservoirs  have  an  unpleasant  taste  or  odor  from 
algje  or  infusoria,  there  is  apt  to  be  an  outcry  against  the 
"polluted"  water,  in  which  the  doctors  seem  only  too  ready 
to  join.  Now  if  they  would  only  give  themselves  a  little 
trouble  to  ascertain  the  source  of  this  taste  and  odor,  they 
would  learn  that,  in  some  cases  at  least,  it  was  due  to  oily 
particles  secreted  by  vegetable  or  animal  organisms,  and  that 
it  had  no  connection  whatever  with  decay  or  putrefaction  of 
vegetable  or  animal  matter,  and  moreover,  that  the  amount 
of  this  oily  substance  which  would  affect  unpleasantly  the 
water  of  a  large  pond  or  reservoir  would  be  quite  inappreci- 
able and  perhaps  unweighable  in  the  amount  of  water  which 
a  person  would  use  for  drinking  during  one  day.  One  does 
not  reject  spring  butter  as  unwholesome  because  the  cows 
have  been  eating  garlic;  he  may  reject  it  because  he  does 
not  like  it,  but  he  would  be  laughed  at  if  he  attributed  epi- 
demics to  its  use.  It  seems  to  me  equally  absurd  to  attribute 
an  epidemic  to  the  use  of  water  which  contains  an  unusual 
number  of  harmless  diatoms,  or  algae,  or  infusoria. 

Sometimes  I  think  that  worse  than  complete  ignorance  of 
the  subject  of  water  supply  on  the  part  of  physicians  is  a  little 
knowledge,  particularly  that  which  passed  for  knowledge  a 
few  years  ago.  A  doctor  who  will  talk  learnedly  of  the  "self- 
purification  of  streams,"  and  of  the  "necessity  of  aeration" 
from  books  of  the  last  generation,  and  will  attribute  diseased 
conditions  of  a  community  to  the  failure  of  certain  necessary 
conditions  in  a  water  supply  is  difficult  to  deal  with.  I  have 
encountered  that  doctor,  too,  as  doubtless  many  of  you  have, 
and  have  found  him  harder  to  convince  than  the  one  who 
makes  no  claim  to  knowledge  on  the  subject. 

The  specialist  now-a-days  makes  sad  havoc  among  many 
of  our  long-held  and  favorite  theories,  but  there  is  no  use  try- 
ing to  oppose  him  with  the  books  we  studied  in  our  youth. 

Shall  we  then  go  to  the  chemist  or  biologist  for  reliable 
information  about  water  ?  I  fear  they  are  often  as  uncertain 
and  fallible  guides  as  the  doctors.  Mr.  Stearns,  who  has  pre- 
ceded me,  has  given  a  good  instance  of  the  blundering  chem- 
ist, who,  on  the  strength  of  an  analysis  made  of  a  sample  of 
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water  which  had  been  sent  him,  recommended  a  sewage-pollu- 
ted stream  for  a  water  supply.  There  are  plenty  of  chemists 
who  think  a  single  chemical  analysis  quite  sufficient  to -settle 
the  matter  of  the  quality  of  a  water  supply. 

It  may  not  be  uninteresting  to  consider  for  a  moment  the 
chemist's  position  with  regard  to  the  composition  of  drinking 
water.  When  a  sample  of  water  is  sent  to  a  chemist  for  an- 
alysis, he  is  generally  requested  to  ascertain  whether  there  is 
anything  in  the  water  which  would  prove  injurious  to  health, 
on  the  presumption  that  he  tests  for  known  injurious  sub- 
stances as  he  would  test  for  poisons — arsenic,  or  mercury  or 
strychnia,  for  instance.  In  reality  he  does  nothing  of  the 
kind.  He  determines,  mainly  by  indirect  means,  the  amount 
of  organic  matter  a  water  contains,  and  the  products  of  the 
decomposition  of  this  organic  matter.  When  he  has  obtained 
his  results  they  are  of  no  value  until  they  are  interpreted. 
Our  methods  of  water  analysis  come  to  us  mainly  from  Eng- 
land, where  also  certain  "standards  of  purity"  have  been  es- 
tablished by  sanitary  authorities  from  time  to  time,  by  which 
the  purity  of  a  water  or  its  fitness  for  drinking  is  judged. 
These  "standards"  are  entirely  arbitrary,  but  they  make  it 
easy  for  the  chemist  to  give  an  opinion  on  a  water,  for  he  has 
only  to  compare  his  results  with  the  standards  and  approve 
or  condemn  the  water  accordingly. 

These  standards  were  undoubtedly  a  step  forward  in  the 
sanitary  examination  of  water,  and  may  have  serv'^ed  in  their 
time  a  good  purpose,  but  since  the  germ-theory  of  disease  has 
obtained  general  acceptance,  they  have  become  worse  than 
useless.  Yet  so  convenient  is  it  for  an  analyst  to  fall  back  on 
authority  in  matters  of  sanitation,  that  the  average  chemist 
gives  up  these  standards  only  with  gi^at  reluctance,  for  with- 
out the  means  of  interpretation  his  analysis  is  useless. 

Not  long  since  a  case  came  under  my  notice,  where  a  bro\\Ti, 
swampy  water,  from  an  uninhabited  area  was  condemned  by  a 
chemist  as  "polluted,"  because  its  albuminoid  ammonia  was 
above  the  "standard." 

Surely  the  bacteriologist  and  biologist  ought  to  be  able  to 
tell  us  whether  or  not  a  water  is  fit  to  drink.  Some  of 
them  are  certainly  very  confident  of  their  ability  to  do  so. 
I  have  a  case  in  mind  in  a  neighboring  State,  in  which  a  bac- 
teriologist was  asked  to  give  an  opinion  on  a  surface  water 
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supply  because  of  its  bad  odor.  A  sample  of  water  was  sent 
to  him  for  examination,  and  he  reported  that  the  water  was 
seriously  contaminated  by  sewage,  and  he  recommended  that 
a  careful  inspection  of  the  watershed  be  made  to  discover  the 
source  of  pollution.  I  can  imagine  the  surprise  and  indigna- 
tion of  the  superintendent  of  this  water-supply  at  receiving 
such  a  report.  He,  of  course,  knew  every  square  foot  of  his 
watershed,  which  at  most  had  only  about  a  dozen  houses, 
none  of  which  drained  directly  into  the  stream  or  reservoir. 

Now  I  do  not  wish  by  anything  I  have  said  to  bring  con- 
tempt on  the  sanitary  examination  of  water,  or  on  the  physi- 
cian, chemist  or  biologist  who  is  studying  the  matter  of 
water-supply  in  a  truly  scientific  spirit.  There  has  been 
great  progress  made  in  the  last  five  or  six  years  in  our 
knowledge  of  the  chemistry  and  biology  of  water.  Our 
methods  of  investigation  are  better,  and  our  interpreta- 
tion of  results  is  based  no  longer  on  arbitrary  standards,  but 
on  a  vast  amount  of  accumulated  knowledge  of  the  relation 
which  chemical  results  bear  to  the  origin  and  environment 
of  the  water.  When  we  know  that  an  unpleasant  taste  or 
odor  in  a  water  is  due  to  diatoms,  for  instance,  we  give  our- 
selves no  anxiety,  for  we  have  no  reason  for  thinking  that 
these  minute  vegetable  organisms,  which  are  present  in  al- 
most all  surface  waters,  are  in  the  least  injurious  to  health.  On 
the  other  hand,  chemical  and  biological  investigation  can  often 
guard  us  against  drinking  bright,  sparkling  and  good-tasting 
water,  which  may  be  injuriously  contaminated  with  sewage. 

But  laboratory  analysis  of  water,  be  it  chemical  or  biological, 
will  seldom  suffice  for  a  clear  understanding  of  the  perma- 
nent character  of  a  water-supply.  This  is  a  question  which 
should  have  the  joint  attention  of  the  engineer,  chemist,  and 
biologist — or,  if  you  please,  of  the  fully-equipped  sanitary 
engineer.  And  it  were  much  to  be  desired  that  the  physician 
should  be  also  included  in  this  list  of  experts,  for  he  is  the  one 
most  immediately  concerned  in  the  health  of  a  community. 

I  may,  perhaps,  be  permitted  to  say  that  I  think  the  merit 
of  the  work  which  we  have  been  doing  in  Massachusetts  in 
the  matter  of  its  water  supplies  and  rivers,  is  largely  due — 
I  might  almost  say  entirely  due — to  this  happy  cooperation 
of  the  engineer,  chemist,  and  biologist,  learning  from  one 
another  and  helping  one  another. 
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DESCRIPTION  OF  THE  NEW  DAM 

—  OF  THE —  • 

New  Britain  Water  Works  Reservoir. 

By  PERCY  M.  BLAKE, 

CHIEF    ENGINEER,    HYDE    PARK,    MASS. 


Mr.  President  and  Gentlemen: — 

For  the  conception  and  successful  execution  of  public 
improvements,  the  engineer  is  responsible,  and  early  in  his 
experience  he  is  made  to  see  and  feel  that  a  poor  piece  of 
municipal  work  is  neither  forgotten  nor  forgiven  by  the  ob- 
serving and  critical  public.  Exceed  appropriations  and  esti- 
mates he  may,  but  this  critical  public  will  demand  of  him  a 
reasonable  degree  of  excellence  in  all  of  his  undertakings, 
and  if  he  fails  to  attain  this,  then  no  financial  economy  can 
save  him. 

The  municipal  improvement  which  you  are  invited  to  ex- 
amine to-day,  and  for  the  designing  and  execution  of  which 
the  writer  is  to  a  large  degree  responsible,  is  not  an  extra- 
ordinary nor  an  unusual  one.  It  is  but  one  of  a  class  which 
is  bound  to  become  necessary  in  the  growth  of  any  New 
England  city. 

New  Britain  was  among  the  pioneers  in  introducing  a  pub- 
lic water  supply,  water  having  been  introduced  from  the 
Shuttle  Meadow  watershed  in  1857  when  the  borough  had  a 
population  of  less  than  4,500  people.  At  that  time  there 
were  very  few  public  water  supplies  in  the  New  England 
States.  An  ordinary  earthen  dam  of  moderate  height  and 
simple  design  was  constructed  across  the  valley  of  the  Shuttle 
Meadow  Brook,  and  an  artificial  lake  of  some  160  acres  made 
by  impounding  the  water  gathered  from  a  watershed  area 
of  619  acres.  In  1890  with  a  population  of  19,000,  the  city  of 
New  Britain  had  utilized  nearly  to  its  fullest  capacity  its 
source  of  supply,  supplemented  as  it  had  been  in  1884  with  a 
secondary  watershed  area  of  446  acres.  The  records  of  pre- 
ceding years  showed  to  a  committee  of  1890,  that  much  water 
from  these  watershed  areas  had  been  lost  in  some  years  for 
want  of  adequate  storage  capacity  in  the  resefvoir  or  lake 
formed  by  the  dam  of  1857.     An  examination  of  all  the  facts 
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in  the  case,  demonstrated  the  necessity  for  a  new  and  higher 
dam  and  the  feasibility  of  annexing  another  additional  water- 
shed area  of  476  acres.  In  1891,  the  city  authorized  the  im- 
provement of  the  public  water  supply  by  the  construction  of 
a  new  dam  and  gatehouse,  the  laying  of  a  large  leading  main 
from  this  new  gatehouse  to  the  city,  and  the  addition  of  the 
new  watershed  area  by  the  construction  of  an  intercepting 
canal  discharging  into  the  Shuttle  Meadow  Lake  through  a 
channel  at  the  westerly  end  of  the  new  dam. 

There  are  no  specially  unique  features  about  the  dam,  the 
canal  or  gatehouse,  but  it  was  recogfnized  that  in  the  con- 
struction of  the  dam,  absolute  stability  and  strength  to  retain 
nearly  a  billion  and  a  quarter  gallons  of  water  must  be  pro- 
vided, that  the  w^ater  slope  of  the  structure  must  be  adequately 
protected  against  erosion  by  wave  action  and  ice,  and  that 
the  joint  between  the  bottom  of  the  structure  and  its  natural 
foundation  must  be  so  tight  as  to  admit  of  no  actual  flow  of 
water  through  it. 

The  dam  is  very  nearly  600  feet  long  and  20  feet  wide  on 
its  top,  about  ^^  feet  high,  with  inner  slope  two  on  one 
and  outer  slope  one  and  eight-tenths  on  one,  and  contains 
about  38,000  cubic  yards  of  embankment.  Its  cost  will  be, 
when  completed,  very  nearly  $51,000.  As  is  common  in  all 
properly  designed  structures  of  this  kind,  there  is  a  core  wall 
running  through  the  axis  of  the  dam.  This  wall  consists 
entirely  of  hand-made  concrete  resting  on  a  bed  foundation 
of  hard  compact  material,  generally  of  a  gravelly  nature,  but 
very  nearly  water  tight,  and  for  a  limited  portion  of  the  way, 
on  bed  rock  or  ledge  of  the  same  composition  as  that  to  be 
seen  in  the  abrupt  hillside  against  which  the  west  end  of  the 
dam  abuts.  This  hand-made  concrete  was  built  up  between 
mould  boards  by  hand,  the  matrix  consisting  of  a  strong  ce- 
ment mortar,  and  the  filling  being  angular  fragments  of  stone 
varying  in  dimension  from  3  to  10  inches  in  greatest  length. 
These  stones  were  firmly  and  individually  bedded  with  a 
mason's  small  hammer  in  the  stiff  matrix  until  the  latter 
flushed  to  the  surface  under  the  blow  and  submerged  the 
stone.  Frequent  examinations  and  tests  of  the  composition 
were  made  by  digging  into  and  breaking  up  portions  which 
had  become  set  and  partially  hardened,  and  in  no  instance 
did  such  examination  show  that  the  mass  of  the  wall  was 
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other  than  a  close  water-tight  structure.  The  writer's  expe- 
rience with  core  wall  and  similar  work  has  been  such  as  to 
demonstrate  that  this  form  of  concrete  is  superior  in  its 
strength  and  homogeneousness  to  any  mixed  concrete  which 
can  be  made  and  applied  in  any  progressive  building.  The 
amount  of  core  wall  masonr\^  of  this  class  in  the  dam  is  2,800 
cubic  yards,  and  the  price  paid  per  yard  was  $6,  which  in  this 
case  afforded  a  handsome  profit  to  the  contractor. 

The  form  and  superficial  finish  of  the  dam  can  be  better 
understood  by  the  examination  which  you  will  make  of  it 
than  by  any  verbal  description.  Such  curves  and  lines  in  a 
structure  of  this  kind  as  lie  outside  the  shape  and  dimensions 
necessary  to  give  the  required  stability  and  strength,  are  de- 
signed mainly  to  please  the  eye,  and,  on  the  inner  slope  of  the 
dam,  to  resist  the  wave  action  and  the  grinding  force  of  float- 
ing ice. 

The  gatehouse  is  cylindrical,  with  admission  ports  at  dif- 
ferent elevations  and  ample  internal  screening  capacity.  The 
internal  diameter  of  the  superstructure  or  wheel-room  is  2 1 
feet,  and  the  height  of  wall  in  this  room  is  16  feet,  giving- 
ample  space  overhead  for  the  play  of  the  screen  hoisting  ap- 
paratus. The  screens  are  in  square  sections  and  are  in  all  re- 
spects interchangeable,  so  that  ho  inconvenience  can  be 
experienced  in  removing  and  replacing  them.  The  admission 
ports  are  controlled  by  heavy  sluice  gates  located  within  the 
substructure  and  protected  on  the  outside  by  an  iron  shield, 
which  serves  to  some  extent  as  a  very  coarse  strainer, 
and  prevents  the  admission  into  the  gatehouse  of  large  float- 
ing objects.  As  in  the  case  of  the  dam,  an  examination  of 
this  structure  will  convey  a  much  clearer  idea  of  its  details 
than  a  description  at  this  time.  From  this  gatehouse  a  30- 
inch  heavy  cast-iron  main  is  laid  under  the  dam  to  a  point  in 
the  meadow  below,  where  by  convenient  connections  con- 
trolled by  suitable  gates,  the  water  is  delivered  into  the  24- 
inch  cast-iron  leading  main  which  supplies  the  city  with 
water.  There  is  also  a  24-inch  cast-iron  main  laid  under  the 
dam  to  the  old  gatehouse,  which  it  is  proposed  to  retain  and 
use  as  an  alternative  outlet  if  occasion  requires,  and  this  24- 
inch  main  joins  by  independent  connection,  the  new  24-inch 
main  just  referred  to.  Water  can  be  drawn  through  either 
gatehouse  by  this  plan.  ' 
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The  waste-way  over  which  any  surplus  water  yielded  by 
the  three  watershjeds  will  pass  from  the  lake,  is  30  feet  in 
width,  and  consists  of  a  cut  stone  sill  and  apron,  with  paved 
channel  above  and  below.  It  is  estimated  that  at  no  time 
will  the  depth  of  water  over  this  waste-way  be  greater  than 
seven  inches. 

As  an  aid  in  preserving  the  local  purity  of  the  water  in  the 
vicinity  of  the  dam,  the  bottom  and  slopes  of  the  reservoir 
have  been  ballasted  with  broken  stone  and  small  boulders, 
this  work  having  in  view  as  an  important  object,  the  prevent- 
ing of  turbidity  of  the  water  in  the  immediate  vicinity  of 
the  gatehouse,  which  might  be  caused  by  the  wind-wash  on 
an  unprotected  and  rather  soft  shore  line. 

In  constructing  this  dam  and  gatehouse,  the  original  dam 
was  entirely  removed  and  such  of  the  material  forming  it  as 
was  found  suitable  for  the  purpose  was  deposited  in  the  em- 
bankment of  the  new  dam,  and  the  space  formerly  occupied  by 
the  old  dam  is  now  a  very  level  reservoir  bottom  just  within 
the  flow  lines  of  the  new  structure. 

The  watershed  area  of  476  acres  recently  added,  has  been 
made  available  by  the  construction  of  a  canal  nearly  8,000 
feet  in  length.  The  grade  of  this  canal  is  one  foot  in  1,000, 
and  the  discharging  capacity  has  been  based  upon  a  cross 
section  having  a  bottom  width  of  five  feet  and  side  slopes  of 
one  and  one-half  on  one.  The  shortest  radius  used  in  the 
curves  employed  in  locating  this  canal  is  100  feet,  and  the 
maximum  depth  of  water  which  has  thus  far  been  observed, 
and  it  was  an  extreme  case,  is  five  feet  and  three  inches. 
The  design  for  this  canal  includes  the  construction  in  its 
outer  bank  of  four  waste  weirs,  the  availal)le  level  of  which 
is  to  be  placed  five  feet  above  the  bed  of  the  canal.  These 
waste  weirs  will  act  as  relief  valves,  and  in  case  of  the  unex- 
pected packing  of  ice,  or  the  appearance  of  other  obstacles, 
the  section  or  sections  of  the  canal  above  the  point  of  ob- 
struction will  be  protected  from  an  overflow  of  the  canal 
bank,  with  its  attendant  danger. 

This  canal  is  yet  in  an  unfinished  condition,  although  com- 
paratively little  remains  to  be  done  to  it.  The  effects  pro- 
duced by  ice  last  winter  and  by  the  varying  and  sometimes 
excessive  flow  of  water  during  the  spring  months,  have  been 
carefully  noted  and  the  work  of  applying  a  permanent  pro- 
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tection  at  the  points  needing  it  has  been  begun  and  will  in  a 
comparatively  short  time  be  complete. 

This  protection  will  consist  of  paving  in  the  form  of  close 
bedded  work  or  an  apron  work,  ballasting,  benching,  and  in 
one  or  two  localities,  evening  and  tightening  with  concrete. 
The  cost  of  this  canal  when  completed  will  not  vary  much 
from  $40,000.  The  function  of  this  item  of  improvement  is 
to  divert  and  convey  the  waters  of  three  vigorous  brooks  and 
to  collect  in  addition  thereto,  such  surface  water  as  formerly- 
found  its  way  over  the  natural  slopes  of  the  watershed  unin- 
tercepted,  to  the  lower  land. 

A  canal  of  this  kind,  in  which  the  water  level  will  vary 
greatly,  and  which  follows  so  tortuous  a  course,  will  undoubt- 
edly require  regular  inspection  and  frequent  repairs  and  cor- 
rections. It  is  not  practicable  or  expedient  to  apply  a  con- 
tinuous form  of  protection  for  the  entire  length  of  the  canal, 
owing  to  the  disproportionate  cost  which  would  bfe  entailed 
thereby.  Monthly  inspections  of  the  condition  of  the  canal 
will  show  that  the  looser  material  washed  into  the  bottom 
will  require  removal  in  order  to  restore  the  regular  grade  of 
the  canal  and  insure  a  uniform  delivering  capacity.  In  very 
cold  and  dry  winters  the  banks  will  be  eroded  by  frost  and 
ice,  and  it  will  be  found  necessary  to  add  additional  protection 
occasionally,,  or  to  replace  that  displaced  by  such  ravages. 

The  following  memorandum  from  the  report  recently  made 
to  the  Board  of  Water  Commissioners,  will  be  of  interest: 

"  When  the  West  Canal  is  completed,  the  city  will  be  in 
possession  of  the  following  sources  of  supply: 

First,  the  Shuttle  Meadow  Reservoir,  with  a  high  water 
surface  of  about  185  acres  and  maximum  storage  capacity 
when  full  to  the  level  of  the  new  waste-way,  of  more  than 
1,000,000,000  gallons. 

Second,  the  lake  watershed  (net)  of  599  acres. 

Third,  the  Panther  Swamp  watershed  of  446  acres. 

Fourth,  the  West  Canal  watershed  of  476  acres. 

Total  watershed  area,  1,521  acres. 

This  area  is  8f  times  the  new  high  water  area  of  the  reser- 
voir. 

Taking  into  account  the  saving  of  the  water  which  the 
records  show  has  been  wasted  frequently  in  the  past  for  want 
of  storage  capacity,  and  assuming  that  no  undue  waste  of 
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water  by  the  many  users  thereof  is  permitted,  the  watershed 
area  now  contributing  to  the  reservoir  will  supply  water 
enough  for  a  population  of  at  least  30,000  people." 

The  productiveness  of  this  combined  watershed  area  is 
shown  by  its  yield  of  water  since  January,  1893,  at  which  time 
the  water  in  the  reservoir  stood  at  an  elevation  of  ten  feet 
below  the  overflow  level  of  the  original  dam  and  twenty  feet 
below  the  waste  way  of  the  new  dam.  On  the  15th  day  of 
May,  the  water  had  risen  from  the  lowest  point  just  named 
to  elevation  54,  a  gain  in  depth  of  14  feet.  Yet  so  varying  is 
the  yield  of  a  given  watershed  that  it  is  not  possible  to  form- 
ulate any  rule,  even  with  all  the  data  relating  to  the  amount 
and  distribution  of  the  rainfall,  drainage  area,  storage  ca- 
pacity, and  draft  in  hand,  by  which  the  amount  of  water 
annually  available  for  use  above  the  outlet  level  of  the  reser- 
voir can  be  determined  with  precision.  These  combined 
sources  of  New  Britain  are,  however,  so  related  to  the  reser- 
voir that  it  will  be  found,  if  accurate  records  are  kept  here- 
after, that  the  range  of  fluctuation  in  Shuttle  Meadow 
reservoir  will  be  kept  within  extremes  nearer  together  than 
those  observed  in  the  past. 

As  a  natural  and  desirable  sequel  to  the  improvements  thus 
far  made,  it  is  believed  that  a  cleaning  of  the  shores  of  the 
reservoir  between  the  planes  of  high  and  low  water  will  re- 
sult in  an  appreciable  improvement  in  the  average  quality  of 
the  water.  The  removal  of  all  soluble  soils  and  vegetation 
around  the  lake  and  the  protection  of  the  steeper  slopes  by 
stone  ballasting,  are  the  principal  items  in  this  particular 
line. 

Nothing  has  contributed  more  to  the  successful  conduct 
of  the  improvements  described  above  than  the  unanimous 
and  hearty  support  on  the  part  of  the  Board  of  Water  Com- 
missioners, reinforced,  it  is  believed  by  public  opinion  and 
certainly  by  official  public  action.  From  the  inception  of  the 
work  at  the  hands  of  the  committee  in  1891  no  interference 
with  the  programme  of  work  has  been  made,  although  the 
earlier  portions  of  the  actual  construction  were  not  proceeded 
with  as  rapidly  as  they  might  have  been.  When  the  pro- 
ject is  considered  in  its  entirety,  it  is  easily  seen  that  no  item 
of  work  undertaken  could  have  been  omitted. 

The  dam  and  canal  together  with  the  waste-way  and  ap- 
proaches and  the  ballasting  of  the  reservoir  basin  were  done 
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by  contract  with  the  Troy  Public  Works  Co.,  of  Troy,  New 
York.  The  specifications  for  all  of  this  work,  and  which  be- 
came a  part  of  the  contract  upon  the  execution  of  the  latter, 
were  rigidly  drawn,  and  to  no  other  part  of  the  arrangement 
is  more  credit  due  for  the  excellent  results  reached,  than  the 
efforts  constantly  put  forth  by  the  officials  and  foremen  of 
this  Company.  It  is  not  my  custom  to  issue  letters  of  recom- 
mendation which  might  be  interpreted  as  indicating  a  de- 
cided partiality  for  one  contractor  to  the  exclusion  of  others, 
as  current  events  are  constantly  showing  the  small  value 
which  recommendations,  honestly  given  in  some  instances, 
have.  So  I  will  not  at  this  time  express  any  further  appre- 
ciation of  the  work  done  by  the  Troy  Company.  You  will 
shortly  have  ample  opportunity  to  judge  for  yourselves  of  the 
competency  of  the  work.  If  you  find  flaws,  or  aught  to  criti- 
cise, you  are  respectfully  referred  to  Mr.  Richard  W.  Sher- 
man, the  President  of  the  Troy  Public  Works  Co.,  who  is 
present  with  us  to-day  to  face  the  verdict.  In  his  company 
I  can  also  single  out  Mr.  Charles  H.  Eglee,  who,  as  the 
contractor,  laid  the  new  24-inch  main  through  which  the 
improved  liquid  will  find  its  way  to  the  citizens  of  New 
Britain,  and  who  may  be  able  to  explain  to  you  why  his 
pipes  are  tight  instead  of  leaky.  From  what  has  been  said 
you  may  perhaps  infer  that  neither  of  these  contractors  are 
yet  upon  the  black  list  for  poor  work. 

Only  a  limited  portion  of  the  work  done  in  improving  the 
water  supply  of  New  Britain  as  above  outlined  has  been  day- 
labor,  so  called,  as  it  has  been  the  belief  of  the  Commission- 
ers and  certainly  of  the  writer,  that  day-labor  is  too  costly  a 
method  to  be  enjoyed  at  the  public  expense.  There  are  in 
all  large  engineering  projects  certain  minor  and  irregular 
portions  of  the  work  which  can  best  be  done  by  day-labor, 
but  I  believe  that  a  competent  and  experienced  contractor 
can  so  organize  and  manage  his  working  forces,  tools,  ma- 
chinery and  supplies  that  he  can  conduct  the  operations  of 
construction  under  a  clearly  drawn  contract  to  better  advan- 
tage and  at  less  cost  to  the  municipality  which  may  elect  to 
employ  him.  This  view  has  been  held  throughout  by  the 
Water  Commissioners  in  this  case,  and  the  financial  results 
have  fully  justified  their  judgment  as  being  correct. 

I  wish  to  improve  this  opportunity  by  referring  to  the  con- 
nection of   Mr.  Arthur  W.  Rice,  C.  E.,  of  New  Britain,  a 
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member  of  your  Society,  with  this  project.  He  made  the 
surveys  upon  which  the  plans  were  based  and  faithfully  and 
in  a  painstaking  way  superintended  the  construction  of  the 
embankment  of  the  dam  and  the  superstructure  of  the  gate- 
house. He  spared  neither  time  nor  inclination,  and  to  him 
credit  is  due  for  the  stability  of  these  structures,  and  inqui- 
ries concerning  the  details  of  this  portion  of  the  work  should 
be  addressed  to  him. 

Mr,  President  and  Gentlemen: — I  wish  to  assure  you  of  my 
appreciation  of  this  opportunity  to  lay  before  you  this  brief 
and  incomplete  description  of  the  improvements  in  the  water 
supply  of  New  Britain.  As  it  is  not  probable  that  your  thirst 
for  knowledge  has  been  allayed  by  what  has  been  said,  I 
trust  you  will  not  hesitate,  either  collectively  or  individually, 
to  apply  the  inquisition  for  which  all  engineers  are  noted, 
and  it  will  give  me  pleasure  to  answer  any  and  all  questions 
which  may  suggest  themselves. 

As  a  proper  supplement  to  the  description  given,  we  have 
photographs  of  the  work  taken  at  various  stages  of  its  progress. 
The  work  is  about  two  weeks  behind  schedule  time.  I  prefer 
to  look  at  engineering  work  before  it  is  entirely  covered  up. 
It  is  far  enough  along  so  that  you  can  get  an  idea  of  the 
methods  employed. 

The  work  of  construction  was  begun  November  8,  1891,  and 
continued  till  January  20,  1892.  It  was*  resumed  April  7, 
1892,  and  again  suspended  January  5,  1893.  It  was  again 
resumed  April  1 2,  1893,  and  will  probably  be  completed  about 
June  15,  1893. 

Mr.  Chandler. — Upon  what  theory  do  you  estimate  that 
the  highest  water  mark  will  never  be  more  than  seven  inches 
above  the  top  of  the  waste  way  ? 

Mr.  Blake. — It  is  based  upon  a  theory  formulated  from 
carefully  tabulated  records.  We  know  about  what  the  area 
of  the  surface  of  the  reservoir  will  be  at  its  maximum  height. 
We  also  know  the  area  of  the  entire  water-shed,  and  can 
compute  the  maximum  discharge  into  the  reservoir..  From 
these  data  I  think  it  can  be  shown  that  the  highest  water 
mark  will  never  be  higher  than  seven  inches  above  the  top 
when  the  constant  consumption  of  water  is  also  considered. 
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Mr. . — On  what  rate  of  consumption  do  you  base  your 

eiaimate  of  the  water  supply  for  30,000  persons  ? 

Mr.  Blake. — Eighty  gallons  of  water  per  diem  for  each 
person. 

Mr.  Bunce. — Will  you  please  state  the  sources  of  your 
supply  ? 

Mr.  Blake. — We  do  not  consider  the  reservoir  itself  a  pro- 
ductive source  of  supply.  The  water-shed  area,  exclusiye  of 
the  surface  of  the  reservoir,  is  about  two  and  one-half  square 
miles. 

Mr.  Bunce. — Do  you  depend  upon  the  available  rainfall 
of  that  area  of  water-shed  for  a  supply  ? 

Mr.  Blake. — Of  course  I  take  into  consideration  the  stor- 
age capacity.  Taking  the  records  of  rainfall  from  1857,  an 
average  annual  supply  can  be  estimated. 

Mr.  Bunce. — What  do  you  consider  the  average  annual 
available  rainfall  ? 

Mr.  Blake. — The  minimum  is  taken  at  21  inches.  This  is 
based  upon  an  average  yearly  rainfall  of  forty  inches.  The 
percentage  of  the  rainfall  available  from  a  water-shed 
depends  upon  the  quantity  that  soaks  into  the  ground.  It  is 
not  sufficient  to  know  that  there  was  a  supply  of  28  inches  in 
one  year.  The  distribution  must  be  determined,  and  this  de- 
pends upon  the  amount  of  water  in  the  ground  when  a  given 
rainfall  occurs.  From  these  various  data,  the  average  avail- 
able supply  can  be  estimated.  This  would  probably  not  be 
less  than  55  per  cent,  of  the  average  rainfall.  Allowance 
must  be  made .  for  the  steepness  of  the  slopes  of  the  water- 
shed. In  this  case  there  will  probably  be  a  yield  of  about  80 
per  cent,  of  any  given  rainfall.  The  canals  act  similarly 
to  the  gutters  on  the  roof  of  a  house,  intercepting  the  surface 
water  and  water  of  streams  and  conveying  it  to  the  res 
ervoir. 

Mr.  Bunce. — How  much  water  will  the  reservoir  contain  ? 

Mr.  Blake. — About  one  and  one-fourth  billion  gallons. 

Mr.  Chandler. — Will  there  not  be  some  loss  of  water  from 
the  canals  ? 
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Mr.  Blake. — When  the  depth  of  water  in  the  canals  does 
not  exceed  four  feet,  they  will  carry  most  of  it  into  the  reser- 
voir. We  intend  to  make  the  banks  of  the  canals  as  nearly 
water-tight  as  practicable. 

Mr. . — Will  you  state  again  how  the  concrete  used  in 

the  core  wall  of  the  dam  was  made  ? 

Mr.  Blake. — It  is  what  may  properly  be  called  hand-made 
concrete.  After  the  mould-boards,  12  inches  in  height,  were 
placed,  the  matrix  was  mixed  on  the  bank,  one  part  of  cement 
to  one  part  of  sand,  mixed  as  dry  as  it  could  be  worked  and 
deposited  on  the  surface  between  the  mould-boards.  Stones, 
perfectly  clean  and  of  suitable  size  were  laid  by  hand  into 
the  mbrtar  without  bonding,  and  bedded  with  a  mason's  light 
hammer. 

Mr. . — Did  you  pour  in  any  mortar  or  grout  between 

the  mould-boards  ? 

Mr.  Blake. — No;  the  mortar  was  put  in  with  a  trowel,  and 
the  stones  were  put  into  the  mortar  by  hand.  It  is  hand- 
made concrete,  no  attempt  having  been  made  to  bond  the 
stones.  Stone  masonry  should  be  so  laid  that,  if  all  the 
mortar  were  removed,  the  wall  would  stand. 

Mr.  Bunce  Do  you  think  it  advisable  to  make  the  mortar 
as  rich  as  one  to  one  ? 

Mr.  Blake. — I  have  used  a  great  many  thousand  barrels 
of  cement,  and  I  am  inclined  to  make  the  mortar  rich  rather 
than  otherwise.  We  have  used  the  F.  O.  Norton  brand  of 
cement,  which  has  given  better  satisfaction  than  any  other 
kind. 

Mr,  Bunce. — I  have  reached  the  same  conclusion  from  my 
own  experience.  Do  you  consider  this  kind  of  a  core  wall 
more  nearly  impervious  than  an  ordinary  concrete  wall  ?  It 
must  be  more  expensive  than  the  ordinary  concrete. 

Mr.  Blake. — Such  concrete  costs  about  40  per  cent,  more 
than  ordinary  concrete,  but  it  is  superior  to  any  other.  I 
have  torn  down  walls  of  both  kinds.  I  never  found  a  mixed 
concrete  that  was  uniform.  In  this  case  the  stones  were 
angular,  one  dimension  being  longer  than  the  others.  I  have 
used  it  in  walls  48  feet  high,  and  have  never  known  water  to 
penetrate  it. 
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Mr.  Bunce. — Please  state  the  dimensions  of  this  wall. 

Mr.  Blake. —The  thickness  of  the  wall  proper,  one  foot 
above  the  base,  is  about  eight  or  eight  and  one-half  feet;  at 
the  top,  two  and  one-half  feet.  The  average  height  is  about 
21  feet. 

Mr.  Loomis. — What  is  the  greatest  height  of  the  wall  ? 

Mr.  Blake. — About  42  feet  at  the  lowest  point. 

Mr.  Loomis. — ^What  is  the  average  depth  of  water? 

Mr.  Blake. — Eighteen  or  nineteen  feet. 

Mr.  Loomis. — ^What  is  the  height  of  the  top  of  the  core  wall 
relative  to  the  surface  of  the  reservoir  when  full  ? 

Mr.  Blake. — The  top  of  the  wall  is  one  foot  above  the  level 
of  the  reservoir  when  full. 

Mr.  Loomis.— Only  one  foot  above  high  water  mark  ? 

Mr.  Blake. — Only  one  foot.  The  thickness  of  the  dam  at 
the  wash-line  is  ^S  feet.  Waves  five  and  one-half  or  six  feet 
high  will  wash  twelve  or  thirteen  feet  on  the  face  of  the  dam. 
The  top  of  the  embankment  is  six  feet  above  high  water 
mark. 
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RENI  ARKS 


—  ON  THE  — 


New  Britain  Reservoir  and  Dam. 

By  t.  h.  Mckenzie, 

One  of  the  State  Engineers  for  the  Inspection  of  Dams. 


I  have  been  very  favorably  impressed  with  the  good  judg- 
ment of  the  New  Britain  Water  Commissioners  and  City 
Council — guided,  of  course,  by  the  advice  of  an  able  engineer, 
in  the  matter  of  determining  the  method  for  obtaining  an 
increased  water  supply.  I  desire  to  commend  the  wisdom 
of  their  decision  to  gather  the  almost  unpolluted  water 
from  the  watershed  of  the  mountain,  and  to  expend  a  large 
sum  of  money  in  the  first  cost  of  the  works  rather  than  to 
adopt  the  cheaper  method  of  pumping  from  some  stream 
or  pond  in  the  vajley,  where  the  waters  are  liable  to  pollu- 
tion from  various  causes. 

One  not  experienced  in  the  designing  and  construction  of 
public  water  supplies  might,  on  looking  over  these  works, 
get  the  impression  that  too  large  an  amount  of  money  was 
being  expended  in  developing  and  utilizing  a  limited  areia  of 
watershed;  but  an  engineer  accustomed  to  taking  account 
of  every  element  of  cost  in  a  water  supply,  and  giving  due 
consideration  to  the  durability  and  automatic  operation  of 
the  works,  can  at  once  appreciate  the  wisdom  of  the  plan 
adopted. 

In  comparing  the  relative  cost  of  the  various  methods  of. 
increasing  a  public  water  supply,  there  is  one  element  which 
the  average  councilman  absolutely  refuses  to  consider  as  an 
item  of  cost;  that  is,  the  capital  needed  to  erect,  operate,  and 
keep  in  repair  the  buildings  and  machinery  of  a  pumping 
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plant.  Even  at  the  present  low  rates  of  interest,  this  item  is 
worthy  of  serious  consideration.  Let  me  give  an  illustration 
of  this  fact.  I  was  called  on  about  three  years  ago  to  make 
the  necessary  surveys  and  estimates,  and  recommend  a  plan 
for  an  increased  water  supply  for  a  thriving  Connecticut  city. 
Several  sources  of  supply  were  under  consideration,  two  of 
which  were  particularly  desirable — one  as  a  gravity  supply, 
and  the  other  as  a  pump  supply.  The  amount  of  water 
available  and  the  head,  or  pressure,  were  about  the  same 
from  each  of  the  two  sources.  The  estimated  cost  of  the 
gravity  supply  was  $320,000,  which  included  $120,000  for 
water-power  rights;  of  the  supply  by  pumping,  $210,000  for 
actual  construction,  and  $236,000  as  a  capitalization  at  five 
per  cent,  of  the  cost  of  pumping,  making  a  total  estimate 
of  $446,000.  The  committee  to  whom  this  report  was  made 
ignored  the  item  of  capitalization  of  the  cost  of  pumping, 
and  presented  a  report  to  the  city  showing  $110,000  in 
favor  of  pumping.  Their  report  and  recommendations  were 
adopted.  With  capitalization  at  four  per  cent,  interest,  which 
is  the  ordinary  rate  of  to-day,  the  greater  cost  of  gravity 
works  is  of  minor  importance. 

The  additional  watershed  made  available  at  New  Britain 
by  means  of  the  two  canals  yields  about  1,500,000  gallons  per 
day.  The  cost  of  pumping  1,500,000  gallons  to  a  height  of 
180  feet,  on  the  basis  of  1,000,000  gallons  raised  to  a  height 
of  100  feet  for  $12,  is  $32.40  per  day,  and  for  365  days  it  is 
$11,826.  At  four  per  cent,  this  requires  a  capital  of 
$295,650. 

In  the  case  of  New  Britain,  the  total  cost  of  the  new  dam, 
including  gatehouse  and  land,  is  about  $60,000.  About 
$30,000  of  this  amount  would  be  chargeable  to  storage  of 
water  discharged  into  the  reservoir  by  the  two  canals,  which 
added  to  the  cost  of  the  canals,  about  $75,000,  would  give 
$105,000  as  the  total  cost  of  the  additional  supply  of  one  and 
one-half  million  gallons  daily.  This  would  make  a  showing 
in  favor  of  the  gravity  system,  by  means  of  canals  and  reser- 
vior,  of  $190,000.  * 

In  this  calculation  I  have  made  no  allowance  for  the  orig- 
inal cost  of  a  pumping  plant  or  the  depreciation  in  value  of 
machinery.      If  these  items  were  taken  into  account,  as  they 
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should  be,  the  comparative  cost  of  the  canals  and  gravity 
system  which  has  been  adopted,  would  be  much  more  favor- 
able to  the  latter. 

In  the  designing  of  a  public  water-supply,  the  methods  and 
plans  adopted  should  be  with  reference  to  durability,  and  to 
economy  of  operation.  Whenever  practicable  the  delivery  of 
water  should  be  entirely  by  gravity. 

Dams  entirely  of  earth,  or  of  earth  with  masonry  core- walls, 
proper  provision  for  safety  in  case  of  overflow  being  made; 
and  canals  with  easy  grades  and  curves,  the  curves  having 
flat  slopes  properly  paved,  would  seem  to  be  best  and  most 
durable. 

The  new  dam  at  Shuttle  Meadow  has  been  so  fully  described 
in  all  its  details  by  the  Chief  Engineer,  that  but  little  room 
is  left  for  comment;  however,  there  are  some  points  of  excel- 
lence in  the  construction  of  the  core-wall  that  are  worthy  of 
special  commendation. 

My  connection  with  the  dam  has  been  as  State  Engineer,  to 
inspect  and  approye  the  plans  and  workmanship  of  the  same. 

As  you  view  the  dam  to-day  you  will  see  only  evidences 
of  efficient  and  faithful  workmanship.  The  leakage  through 
the  dam  and  the  soakage  around  it  have  been  both  reduced 
to  a  minimum. 

The  core-wall  in  the  center  of  the  dam  is  one  of  the  best 
water-tight  walls  I  have  ever  seen.  No  grouting  or  con- 
crete was  used  in  the  wall.  Every  stone,  after  being 
thoroughly  cleaned,  was  laid  in  a  full  bed  of  cement  mortar 
and  pounded  down.  This  method  I  believe  to  be  the  only 
practicable  way  of  constructing  a  water-tight  wall.  Many  en- 
gineers are  continually  trying  the  old  method  of  grouting  a 
core- wall,  or  of  laying  the  outside  courses  in  mortar  and  grout- 
ing the  center;  but  I  have  never  known  grouted  masonry  to 
give  as  good  satisfaction  as  the  method  here  adopted.  In  the 
construction  of  the  inner  slope  of  the  embankment,  great 
care  was  exercised  in  the  selection  and  placing  of  the  material. 
It  was  rolled  in  eight-inch  layers. 

The  slopes  of  the  dam  are  two  to  one  on  the  inner  slope, 
and  one  and  eight-tenths  to  one  on  the  outer  one.  Protected 
as  these  are  with  paving  on  the  inner  slope,  and  turfing  on 
the  outer  one,  I  believe  that  they  will  do  efficient  service. 
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Without  such  protection  they  could  not  be  expected  to  with  - 
stand  the  action  of  the  water  and  the  weather.  The  good 
results  at  this  dam  afford  a  striking  illustration  of  what  can 
be  accomplished  by  a  proper  combination  of  an  honest  and 
well-paid  contractor,  and  faithful  engineering  inspection  and 
supervision  of  the  work,  together  with  the  loyal  support  of 
a  Municipal  Board  able  and  willing  to  foot  the  bills. 
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Connecticut  association 

—  OF  — 

Civil  Engineers  and  Surveyors, 

AT  ITS  SUMMER  MEETING, 

Held  at  Meriden,  August  24,  1892. 


The  summer  meeting  of  the  Connecticut  Association  of 
Civil  Engineers  and  Surveyors  was  held  at  the  office  of  the 
City  Surveyor,  at  Meriden,  August  24,  1892.  The  meeting 
was  called  to  order  at  11  o'clock  a.  m.  by  the  President,  E.  P. 
Augur.  The  report  of  the  Secretary,  concerning  the  affairs 
of  the  Association  from  the  time  at  which  he  assumed  the 
office  to  the  date  of  that  meeting,  was  read  and  accepted.  As 
Treasurer,  Mr.  Wadsworth  reported  a  balance  of  $189.59 
cash  on  hand,  after  paying  all  bills  to  that  date. 

The  Chairman  of  the  Executive  Committee  reported  con- 
cerning certain  matters  that  were  referred  to  that  Committee 
for  further  investigation.  The  report  was  accepted,  and  it 
was  voted  that  further  investigation  of  these  matters  be 
dropped. 

An  invitation  was  then  presented  from  Mr.  George  H. 
Bishop,  of  Middletown,  to  the  members  of  the  Association, 
to  take  an  excursion  on  his  commodious  steam  yacht  "  En- 
gineer," down  the  Connecticut  river  or  out  upon  Long  Island 
Sound,  as  might  seem  preferable,  on  some  day  during  the 
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coming  month,  the  date  to  be  decided  upon  later.     It  was 
voted  that  the  invitation  be  accepted. 

Mr.  W.  S.  Clark,  the  City  Surveyor  of  Meriden,  then  gave 
a  brief  description  of  the  sewerage  system  recently  adopted 
for  that  city,  the  construction  of  certain  portions  of  which 
had  been  begun,  the  work  at  that  time  being  in  progress. 
Various  maps,  profiles,  and  plans  were  then  submitted  for  the 
inspection  of  those  present.  Further  explanation  was  made 
in  reply  to  questions  asked.  At  12:30  the  meeting  was  ad- 
journed for  dinner,  which  was  taken  at  the  Hotel  Winthrop. 
After  dinner  the  members  of  the  Association  were  taken  over 
the  line  of  the  sewer  work  already  finished  or  in  process  of 
construction.  The  entire  afternoon  was  spent  in  examining 
the  work,  the  party  returning  in  time  to  take  the  cars  for 
their  homes. 

A.  R.  WADvSWORTH,  Secretary. 
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A  BRIEF  DESCRIPTION 

—  OF   THE  — 

Sewerage  System  of  the  City  of  Meriden, 

And  of  the  Work  now  in  Construction. 

By  W.  S.  CLARK,  City  Surveyor. 

(From  Stenographer's  Notes.) 


The  main  features  of  this  meeting,  as  arranged  by  the  Ex- 
ecutive Committee,  are  to  be  at  this  time  a  general,  though 
somewhat  brief,  description  of  the  sewerage  system  adopted 
for  this  city,  illustrated  by  the  various  maps,  profiles,  and 
plans  of  the  same,  especially  of  those  parts  of  the  system 
already  in  process  of  construction;  and,  later  during  the  day, 
a  visit  to  the  work  itself,  which  will  afford  each  one  an  op- 
portunity for  careful  inspection  of  the  same,  at  which  time 
also  it  will  give  me  pleasure  to  make  any  further  explanations 
that  may  be  desired. 

The  situation  of  Meriden  is  different  from  that  of  most  of 
the  other  larger  cities  of  the  State.  It  is  more  than  twenty 
miles  from  the  sea,  and  is  not  upon  or  near  any  river  into 
which  sewage  could  be  discharged  without  serious  objection 
from  the  inhabitants  and  owners  of  water  power  along  the 
stream  below.  For  some  time  past  a  large  amount  of  sewage 
from  certain  parts  of  the  city  has  been  discharged  through 
culverts  and  small  drains  into  Harbor  brook,  so  called,  a 
small  stream  which  flows  through  the  central  and  lower  por- 
tion of  the  city,  and  which  empties  into  the  Quinnipiac  river 
a  short  distance  outside  the  southern  limits  of  the  city.  This 
brook  itself  had  become  so  filthy  as  to  be  an  offensive  as  well 
as  dangerous  nuisance.  The  matter  of  providing  some  prac- 
ticable means  of  sewerage  for  this  large  and  rapidly  growing 
city  was  found  to  be  of  urgent  importance,  and  was  referred 
by  the  Common  Council  to  a  special  committee,  who  after 
having  secured  the  services  and  advice  of  several  competent 
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sanitary  engineers,  and  having  visited  other  places  where  the 
same  method  proposed  for  the  disposal  of  sewage  was  in  op- 
eration, finally  recommended  the  adoption  of  the  separate 
system,  and  the  disposal  of  the  sewage  by  irrigation  and 
filtration  on  the  sandy  plains  on  the  west  side  of  the  Quin- 
nipiac  river,  about  two  miles  south  of  the  city  limits. 

The  maps,  profiles,  and  plans  for  this  system  of  sewers  and 
disposal  works,  together  with  topographical  surveys  of  cer- 
tain portions  of  the  city,  were  made  by  and  under  the  direc- 
tion of  Mr.  Carroll  Philips  Bassett,  of  Newark,  N.  J.  It  was 
expected  that  Mr.  Bassett  would  have  been  here  to  have 
described  the  work  and  shown  the  plans  for  the  same,  but 
word  was  received  a  few  hours  since  that  he  would  be  unable 
to  be  present. 

The  work  now  under  construction  is  divided  into  four  sec- 
tions. Section  i,  which  is  being  built  by  the  city  by  day 
labor,  includes  four  filtration  beds,  each  150x350  feet,  to- 
gether with  the  necessary  under-drains  for  the  same,  tile 
chambers,  tile  carriers  and  distribution  chambers.  It  also 
includes  about  1,200  feet  of  24-inch,  350  feet  of  20-inch,  450 
feet  of  18-inch,  850  feet  of  15 -inch,  and  400  feet  of  12 -inch 
vitrified  tile  pipe  carriers. 

Northerly  from  the  four  filter  beds  there  have  been  laid 
about  1,200  feet  of  24-inch  vitrified  pipe  carrier,  and  1,200 
feet  of  30-inch  circular  brick  carrier,  both  on  an  embankment 
across  low  ground.  This  section  ends  at  the  top  of  the  west 
bank  of  the  Quinnipiac  river.  The  under-drainage  of  the  four 
filtration  beds  is  effected  by  means  of  6-inch  agricultural  tile 
drains,  of  which  there  have  been  laid  about  8,500  lineal  feet 
Sections  2,  3,  and  4  are  being  constructed  under  contract,  by 
A.  Brazos  &  Son,  of  Middletown,  Conn. 

Section  2  begins  at  the  top  of  the  west  bank  of  the  Quin- 
nipiac river,  and  runs  thence  northerly  underneath  the  river 
and  across  private  property  to  the  Hanover  road,  thence 
continuing  northward  along  said  road  and  across  private 
property,  to  where  Sections  3  and  4  unite,  or  diverge.  The 
sewer  on  this  section,  for  the  first  2,300  feet  crossing  the  river 
and  private  land,  consists  of  two  lines  of  18-inch  cast-iron 
pipe,  laid  in  the  form  of  an  inverted  syphon.  A  third  line  of 
18-inch  iron  pipe  is  contemplated  at  some  future  time,  when 
it  shall  be  found  necessary.    Northward  from  the  ends  of  the 
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1 8-inch  cast-iron  pipes,  there  is  to  be  about  500  feet  of  36-inch 
brick  sewer.  Thence  northward,  along  a  depression  in  grade 
for  about  850  feet,  a  24-inch  cast-iron  pipe  is  to  be  laid.  The 
completed  system  will  probably  require  another  24-inch  iron 
pi|>e  along  this  distance.  Continuing  northward  along  the 
highway  to  where  the  main  sewer  branches,  the  same  is  of 
brick,  of  36  inches  interior  diameter. 

Section  3  begins  where  the  main  sewer  divides  and  runs 
northeasterly  along  the  northerly  side  of  Harbor  brook,  cross- 
ing Hanover  street  and  Columbus  avenue,  to  Russell  street, 
and  thence  through  Russell  street,  Cook  avenue,  Hanover 
and  South  Colony  streets  to  Main  street,  ending  for  the  pres- 
ent about  opposite  the  office  of  the  Lyon  &  Billard  Co.  It  is 
about  6,500  feet  in  length,  and  the  sewer  is  of  brick,  of  30 
inches  interior  diameter. 

Section  4  runs  northwesterly  from  the  end  of  Section  2 
where  the  main  sewer  divides,  and  will  be  about  5,600  feet 
long,  running  through  private  property  for  most  of  the  dis- 
tance. It  is  to  be  of  18-inch,  extra  thick  vitrified  pipe.  What 
has  already  been  said  outlines  in  a  general  way  the  work  now 
being  carried  out.  The  various  maps,  plans,  etc.,  are  here 
for  your  examination.  Further  information  will  be  gladly 
given  in  response  to  any  questions  the  members  present  wish 
to  ask,  so  far  as  I  may  be  able  to  answer  them. 

In  reply  to  certain  questions,  Mr.  Clark  gave  the  following 
information: 

The  theoretical  discharging  capacity  of  the  main  sewer  is 
about  seventeen  cubic  feet  per  second.  It  is  designed  to 
carry  off  the  sewage  proper  for  a  population  of  70,000,  allow- 
ing for  each  person  100  gallons  of  sewage  per  day.  According 
to  conditions  assumed,  that  amount  of  sewage  will  give  a  prob- 
able maximum  flow  of  thirteen  cubic  feet  per  second.  There 
is  an  allowance  in  excess  of  this  of  four  cubic  feet  per  sec- 
ond. We  have  provided  for  under-drainage  along  the  sewer 
trenches  on  portions  of  Sections  2,  3,  and  4,  as  well  as  under- 
neath the  filtration  beds.  These  under-drains  are  discharged 
by  an  overflow  into  the  manholes  when  the  water  from  the 
same  cannot  be  discharged  into  natural  water  courses.  These 
under-drains  were  put  in,  not  primarily  to  take  away  and 
lower  the  sub-soil  water  in  the  ground,  though  they  do  that  to 
some  extent,  but  to  carry  off  the  water  that  would  otherwise 
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accumulate  in  the  trenches  while  the  brick-work  was  being 
laid,  and  until  the  cement  mortar  was  sufficiently  set.  At 
present  some  of  these  drains  lead  into  wells  of  brick-work 
at  the  side  of  the  manholes,  the  overflow  of  the  same  being 
above  the  arch  of  the  sewer,  so  that  no  sewage  can  overflow 
into  these  wells.  The  under-drains  are  of  vitrified  pii>e,  laid 
sufficiently  below  the  bottom  of  the  sewer,  with  loose  joints 
packed  with  oakum.  The  under-drains  were  afterward  cov- 
ered with  gravel.  There  has  been  considerable  trouble  from 
quicksand  in  some  places. 

The  only  exceptional  feature-of  these  main  sewers,  perhaps, 
is  the  inverted  syphon  underneath  the  Quinnipiac  river. 
There  is  a  large  chamber  or  manhole  at  one  side  of  the  river, 
with  gates  and  blow-off  pipes  for  removing  any  obstruction 
or  sediment  that  might  collect  and  remain  at  the  bottom  of 
the  inverted  syphon. 

The  grade  of  the  first  portion  of  the  main  sewer  northward 
from  the  filter  beds  is  i  in  900,  the  grades  on  other  portions 
is  as  slight  as  i  in  1,100.  On  the  portion  of  Section  3  where 
the  under-drains  discharge  through  the  wells  into  the  man- 
holes, the  grade  of  the  sewer  is  i  in  925.  The  average  grade 
is  about  I  in  1,000.  Across  the  low  ground,  near  the  filtra- 
tion beds,  where  the  main  sewer  was  laid  in  an  embankment 
in  order  to  prevent  the  subsequent  settlement  of  the  sewer, 
a  trestle  work  400  feet  in  length  and  17  feet  in  extreme 
height  was  first  built,  which  supports  the  sewer.  The  filling 
was  afterward  put  in  to  a  height  sufficient  to  cover  the  sewer 
and  protect  it  from  injury.  The  embankments  which  enclose 
and  separate  the  filtration  beds  are  about  3  feet  in  height. 

At  intervals  of  about  100  feet  on  the  main  sewer,  u|>on 
the  plains  northward  of  the  filtration  beds,  are  distribution 
chambers,  from  any  one  of  which  the  sewage  can  be  turned 
off  upon  the  surface  of  a  large  area  of  sandy  land,  to  be  dis- 
posed of  by  irrigation. 

The  under-drains  underneath  the  filtration  beds  are  parallel 
with  each  other  and  25  feet  apart.  The  discharge  from  the 
under-drains,  and  all  drainage  from  the  irrigated  lands^ 
finally  flows  into  the  Quinnipiac  river,  from  one-eighth  to 
one-fourth  of  a  mile  distant.  It  is  not  expected  that  the  fil- 
tration beds  already  constructed  will  be  sufficient  for  the 
satisfactory  disposal  of  the  sewage  of  70,000  people.     The 
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city  already  owns  150  acres  of  level,  sandy  land  in  this  same 
tract.  The  design  is  to  try  the  experiment  of  using  as  much 
of  this  land  as  may  be  needed  for  broad,  surface  irrigation. 
The  filtration  beds  will  probably  be  used  principally  in  the 
winter.  It  is  expected  that  by  this  method  of  broad  irriga- 
tion these  sandy  plains  can  be  made  fertile,  and  that  grass 
may  be  grown  upon  them,  in  this  way  utilizing  the  fertilizing 
elements  of  the  sewage. 

The  engineers  have  been  guided  somewhat  by  the  experi- 
ence of  other  cities  in  the  area  they  have  assumed  to  begin 
with  for  filtration  beds.  • 

The  carriers  and  distribution  chambers  are  always  kept 
closed,  except  at  those  points  where  sewage  is  to  be  let  out 
upon  the  land,  or  into  the  filtration  beds.  The  outlets  from 
the  distribution  chambers  are  to  be  closed  by  tightly-fitting 
plugs. 

The  surface  earth  of  the  filtration  beds  will  probably  have 
to  be  turned  up  and  worked  over  occasionally.  The  present 
intention  is  to  depend  upon  broad  irrigation  mostly,  except 
in  winter,  when  the  ground  is  frozen. 

The  elevation  at  the  railroad  station,  from  the  city  datum, 
is  about  loi  feet.  The  elevation  of  the  surface  of  the  filtra- 
tion beds  is  about  68  feet. 

To  prevent  sewage  coming  up  out  of  the  inspection  cham- 
bers on  the  syphon  portion  of  the  sewer,  an  iron  flange  cover 
is  bolted  down  upon  the  top  of  each,  which  must  be  taken 
off  whenever  an  inside  inspection  of  the  iron  pipe  is 
necessary.  Before  making  such  an  inspection  of  either  of 
the  separate  iron  pipes,  the  sewage  would  be  shut  off  at  the 
upper  end,  and  the  blow-off  gate  would  be  opened,  thus 
causing  most  of  the  sewage  in  the  iron  pipe  to  be  forced  out 
by  its  own  gravity.  The  remaining  sewage  below  the  river 
level  would  have  to  be  pumped  out. 
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NINTH  ANNUAL   MEETING 

—  OF  THE  — 

CONNECTICUT  ASSOCIATION 

—  OF  — 

Civil  Engineers  and  Surveyors, 

Held  at  Hartford,  January  lo,  189). 


The  ninth  annual  meeting  of  the  Connecticut  Association 
of  Civil  Engineers  and  Surveyors  was  held  in  the  Common 
Council  chamber  at  Hartford,  on  Tuesday,  January  lo,  1893. 
The  meeting  was  called  to  order  at  10  a.  m..  President  Augur 
in  the  chair.  The  reading  of  the  minutes  of  the  last  annual 
meeting  was  omitted,  the  same  having  been  printed  in  the 
last  Annual  Report.  The  report  of  the  Secretary  for  the 
year  was  then  read  and  accepted.  The  following  is,  in  sub  - 
stance,  the  report  as  presented: 

Secretary's  Report. 

To  the  Officers  and  Members  of  the  Connecticut  Association  of 
Civil  Engineers  and  Surveyors : 

Gentlemen: — Besides  the  ordinary  duties  of  the  Secretary, 
there  has  been  during  the  past  year  an  unusual  amount  of 
special  correspondence,  the  reasons  for  which  will  be  under- 
stood by  the  members  of  the  Association  without  further 
explanation.  It  gives  me  pleasure  to  report  that  the  business 
and  financial  affairs  of  the  Association  are  now  in  good  con- 
dition. Most  of  the  amounts  due  the  Association  at  the 
beginning  of  the  year  have  been  collected,  all  outstanding 
bills  have  been  paid,  and  there  is  a  good  balance  of  cash  on 
hand,  as  we  begin  a  new  year. 

Two  members  have  withdrawn  during  the  year,  and  two 
new  members  have  been  received,  which  leaves  our  number 
of  members  the  same  as  at  the  beginning  of  the  last  year, 
ninety — eighty-one  active,  seven  honorary,  and  two  con- 
tributing members. 
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The  Annual  Reports  for  the  past  year,  and  those  for  the  pre- 
cedingf  year  not  previously  sent  out,  have  been  sent  in  such 
numbers  as  desired  to  the  Secretaries  of  various  Engineering 
Societies  in  the  United  States  and  Canada,  for  exchange. 
Rep>orts  from  some  of  these  Societies  have  been  received  in 
return,  and  forwarded  to  the  members  of  this  Association. 
The  Secretaries  of  some  of  these  Societies  have  been  negli- 
gent ift  acknowledging  and  reciprocating  these  exchanges. 

The  scantiness  of  the  last  Annual  Report  was  much  re- 
gretted. The  description  of  the  Ousatonic  Water  Power 
Company's  dam  across  the  Housatonic  river,  recently  rebuilt, 
at  Birmingham,  and  of  the  new  town  and  county  steel  arch- 
truss  highway  bridge  over  the  same  stream,  between  the 
boroughs  of  Birmingham  and  Shelton,  were  both  given  ver- 
bally wnthout  notes  of  any  kind,  but  were  taken  down  by  a 
stenographer.  The  stenographer's  reports  of  these  papers 
could  not  be  found  among  the  papers  turned  over  by  the 
former  Secretary,  nor  could  the  lack  be  supplied  without 
much  trouble  and  delay. 

The  summer  meeting  was  held  at  Meriden,  August  24, 
1892.  The  specially  interesting  features  of  that  meeting 
were  a  description  of  the  sewerage  system  recently  adopted 
for  that  city,  given  by  Mr.  W.  S.  Clark,  City  Surveyor,  and, 
in  the  afternoon,  a  trip  to  the  various  points  at  which  the 
work  of  constructing  the  outfall  sewers  was  in  progress,  and  to 
the  sandy  plains,  about  two  miles  south  of  the  city  limits,  upon 
which  the  sewage  is  to  be  disposed  of  by  irrigation  and  filtra- 
tion. The  meeting  was  a  very  profitable  and  enjoyable  one. 
In  response  to  an  invitation  from  Mr.  George  H.  Bishop, 
of  Middletown,  given  at  the  Meriden  meeting,  several  of  the 
members  of  the  Association  took  an  excursion  from  Middle- 
town  to  East  Haddam  and  back  on  Mr.  Bishop's  commodious 
steam  yacht  "  Engineer,"  on  Thursday,  September  8th.  Din- 
ner was  taken  at  the  Champion  House,  at  East  Haddam. 
The  day  was  fine,  and  the  excursion  a  very  enjoyable  one. 
It  is  regretted  that  more  of  the  members  could  not  have  ar- 
ranged to  have  been  among  the  party  on  that  very  pleasant 
day's  outing. 

Respectfully  submitted, 

A.  R.  WADSWORTH,  Secretary. 
Farmington,  Conn.,  January  10,  1893. 
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Treasurer's  Report. 

The  Treasurer's  Report  was  then  read  and  accepted,  as 
follows: 

To  the  Officers  and  Members  of  the  Connecticut  Association  of 
Civil  Engineers  and  Surveyors  : 
Gentlemen: — I  herewith  submit  the  following  statement 
of  the  receipts  and  expenditures  of  the  Association  during 
the  year  1892: 

RECEIPTS. 

Received  from  F.  W.  Whitlock,  Treasurer,  -  -  I25  53 

Received  from  membership  dues  for  1890,  -  -  6  00 

Received  from  membership  dues  for  1891,  -  -  15  00 

Received  from  membership  dues  for  1892,  -  -  116  00 

Received  from  advertisements  for  1891,  -  -  no  00 

Received  from  advertisements  for  1892,  -  -  71  00 

Total  amount  of  cash  received,       -----  ^343  53 

DISBURSEMENTS. 

For  printing,         - $90  83 

For  freight,  express  charges,  etc.,         -        -        -  12  80 

For  stationery  and  postage,   -      '  -        -        -        -  26  86 

For  boxes  for  sending  off  Reports,  etc.,         -        -  2  69 

For  clerical  work, -  3C0 

For  bills  paid  by  the  President,      -        -        -        -  34  59 

For  stenographer, 1200 

For  Secretary  and  Treasurer,         -         -        -        -  25  00 

Total, 207  77 

Balance  on  hand,  January  10,  1893, $I35  76 

A.  R.  WADSWORTH.  Treasurer. 
Farmington,  January  10,  1893. 


This  certifies  that  we  have  examined  the  accounts  of  A.  R.  Wadsworth, 
Treasurer  of  the  Connecticut  Association  of  Civil  Engineers  and  Surveyors,  for 
the  year  ending  January  10,  1893,  and  find  the  same  correct.  We  also  find  the 
balance  on  hand,  according  to  the  bank  account,  is  $135.76,  the  same  as  the 
balance  called  for  by  the  Treasurer's  accounts. 

E.  P.  AUGUR,  )  A  MajoHty 

T.  H.  McKENZlE.  I  of  the 

C.  H.  BUNCE,  )  Executive  Committee. 
Hartford,  Conn.,  January  10,  1893. 
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Owing  to  the  fact  that  the  meeting  at  Meriden  ended  on 
the  return  from  the  trip  for  inspecting  the  sewer  work,  with- 
out any  opportunity  for  other  than  personal  acknowledgment, 
and  expressions  of  appreciation  for  the  courtesies  shown 
those  present  by  Mr.  Clark,  the  City  Surveyor  of  Meriden, 
Mr.  R.  A.  Cairns,  of  Waterbury,  presented  the  following 
resolution: 

Resolved^  That  the  thanks  of  the  Association  be  extended  to  Mr.  W.  S. 
Clark  for  his  very  kind  efforts  to  make  our  meeting  at  Meriden  a  successful 
and  profitable  one. 

The  resolution  was  unanimously  adopted. 

There  being  a  lack  of  one  or  two  members  for  a  quorum, 
the  retiring  President  then  read  his  address. 

This  was  followed  by  a  paper  on  the  "  Extension  of  the 
Outfall  Sewer  of  New  London,  Conn.,  into  the  Harbor,"  by 
Mr.  George  K.  Crandall.  Further  statements  were  made  in 
reply  to  questions  following  this  paper. 

Mr.  George  H.  Frost,  of  the  Engineering  News^  was  intro- 
duced by  the  President.  He  spoke  briefly,  expressing  his 
pleasure  at  being  able  to  meet  so  many  of  the  members  of 
this  Association  and  to  listen  to  the  papers  and  discussions. 

Upon  the  favorable  report  of  the  Membership  Committee, 
Emil  Charles  Buscher,  of  Central  Village,  Orange  County, 
X.  Y.,  and  Charles  Edward  Beach,  of  West  Hartford,  Conn., 
were  duly  elected  members  of  this  Association. 

Upon  the  announcement  of  a  quorum,  the  Association  pro- 
ceeded to  the  election  of  officers  for  the  ensuing  year,  with 
the  following  result: 

Edwin  P.  Augur,  Middletown, President, 

F.  W.  La  Forge.  Waterbury,       -        -         -       First  Vice-President. 
William  G.  Smith,  Waterbury,   -        -        -     Second  Vice-President. 

A.  R.  Wadsworth,  Farmington,  -  Secretary  and  Treasurer. 

It  was  voted  that  a  committee  of  three  be  appointed  by  the 
chair  to  present  nominations  for  the  Executive  and  Member- 
ship Committees.  Messrs.  Jarvis,  Hull,  and  Pike  were  ap- 
pointed.    They  reported  as  follows: 

FOR  EXECUTIVE  COMMITTEE. 

E.  P.  Augur  (ex-officio)^ Middletown. 

C.  H.  BUNCE, Hartford. 

B.  H.  Hull. Bridgeport. 

F.  W.  La  Forge, Waterbur}*. 

T.  H.  McKenzie,        -------    Southington. 
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FOR  MEMBERSHIP  COMMITTEE. 

H.  L.  Davis, WalUngford, 

W.  S.  Clark, Meridcn. 

J.  K.  Wilkes, Danbury. 

The  persons  thus  nominated  were  then  duly  elected. 

Mr.  J.  K.  Wilkes,  Chairman  of  the  Special  Committee  on 
Roads  and  Roadmaking,  read  a  paper  in  response  to  a  ques- 
tion concerning  the  adjustment  of  grades  for  curbs,  etc.,  on 
intersecting  streets,  which  was  afterwards  discussed. 

At  12:45  ^  recess  was  taken  for  dinner. 

The  meeting  was  called  to  order  at  2  p.  m. 

A  paper  was  then  read  by  Mr.  E.  P.  Gardner,  on  "A  Good 
Light  for  Night  Work,"  followed  by  further  statements  in 
reply  to  questions. 

Mr.  Charles  M.  Jarvis,  President  and  Chief  Engineer  of  the 
Berlin  Iron  Bridge  Company,  next  read  a  paper  entitled  "  Notes 
on  Steel  in  Practical  Construction."  For  sufficiently  good 
reaspns  this  paper  is  not  furnished  for  publication. 

Mr.  Charles  E.  Chandler,  of  Norwich,  read  a  paper  on  the 
'*  Drainage  of  the  William  W.  Backus  Hospital." 

The  last  paper  of  the  meeting  was  entitled  "  A  Highway 
Layout  as  it  is,  and  how  it  might  have  been,"  by  W.  H. 
Burnett,  of  Norwich. 

After  some  discussion,  it  was  voted  that  the  President  and 
two  other  members,  to  be  appointed  by  him,  be  a  Committee 
representing  this  Association  to  act  in  co-operation  with  the 
Committees  appointed  by  the  State  Board  of  Trade,  the 
American,  Wheelmen,  and  the  State  Board  of  Agriculture,  in 
formulating  and  advocating  a  bill  to  be  introduced  into  the 
General  Assembly  of  this  State,  to  provide  for  better  common 
roads. 

The  other  members  of  this  Committee  are  Messrs.  R.  A. 
Cairns  and  W.  H.  Olmstead. 

It  was  voted  that  a  meeting  of  the  Association  should  be 
held  some  time  during  May  next,  the  date  and  place  for 
holding  such  meeting  to  be  decided  by  the  Executive  Com- 
mittee. 
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The  following  members  were  present  at  the  annual  meet- 
ing held  January  lo,  1893: 

E.  P.  Augur, Middletown. 

H.  W.  Ayers,       ----....  New  Britain. 

G.  H.  BisHOF, Middletown. 

C.  H.  BUNCE, Hartford. 

W.  H.  Burnett,           -..-...  Norwich. 

L.  W.  Burt,         .--.....  Hartford. 

R.  A.  Cairns, Waterbury. 

C.  E.  Chandler, -  Norwich. 

W.  S.  Clark, -  MeriOen. 

G.  K.  Crandall, New  London. 

H.  L.  Davjs, Wallingford. 

R.  Fenton, Willimantic. 

E.  P.  Gardner, Norwich. 

B.  H.  Hull,        - Bridgeport. 

C.  M.  Jarvis, East  Berlin. 

\V.  E.  Johnson,  .        - Glastonbury. 

F.  W,  La  Forge, Waterbury. 

H.  G.  LooMis, Hartford. 

T.  H.  McKenzie, Southington. 

\V.  H.  Olmstead, -        East  Hartford. 

W.  B.  Palmer, Bridgeport. 

E.  H.  Phipps, New  Haven. 

E.  N.  Pike. Meriden. 

R.  J.  Sabin,  --------  Pomfret. 

A.  R.  Wadsworth, -        -    Farmington. 

J.  K.  Wilkes,      -        -        - Danbury. 

The  President  has  appointed  the  following  Special  Com- 
mittees for  the  present  year: 

field  work. 
Wm.  B.  Cochrane,       F.  W.  La  Forge,  Edward  N.  Pike. 

sewerage. 
RoBT.  A.  Cairns,  J.  K.  Wilkes,  L.  W.  Burt. 

WATER  works. 

W.  H.  Richards,  E.  P.  Gardner,  Joseph  B.  Ryder. 

railroads. 

A.  J.  Patton,  William  G.  Smith,  Lawrence  B.  Jenckks. 

roads  and  road-making. 

T.  H.  McKenzie,         W.  H.  Olmstead,  W.  H.  BtRNKTT. 
masonry. 

D.  S.  Brinsmade.  Chas.  E.  Chandler,  Geo.  K.  Crandall. 

law. 
Charles  H.  Bunce,      Chas.  M.  Jarvis,  Henry  L.  Davis. 
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The  following  are  the  papers  read  at  the  ninth  annual 
meeting,  with  the  discussion  of  the  same,  except  the  paper  by- 
Mr.  Jarvis: 

Address  of  the  Retiring  President. 

Judging  from  reports  received  from  a  large  number  of  the 
members  of  this  Association  and  from  other  available  sources 
of  information,  the  year  just  closed  seems  to  have  been  fully 
up  to  preceding  years  in  the*  extent,  variety  and  importance 
of  such  public  improvements  and  private  or  corporate  enter- 
prises as  require  engineering  effort  arid  skill  for  their  accom- 
plishment. That  each  year  should  show  advancement  in  this 
direction,  and  a  constantly  increasing  demand  for  the  services 
of  the  engineering  profession,  and  also  an  ever-\videning 
field  for  such  effort,  is  only  in  keeping  with  the  progress  of 
the  present  age  in  almost  every  other  direction.  It  is  grat- 
ifying, however,  to  notice  evidences  of  progress  in  these 
directions. 

In  accordance  with  the  custom  of  previous  years,  and  in 
compliance  with  a  vote  passed  three  years  since,  the  promi- 
nent feature  of  this  address  will  be  a  concise  statement,  or 
summary,  of  the  engineering  work  of  the  past  year  within 
the  State,  which  has  been  reported  to  me,  and  such  work 
outside  this  State,  with  which  members  of  this  Association 
have  been  professionally  connected. 

The  purpose  of  these  yearly  summaries  is  to  preserve  in 
permanent  form  a  record  of  the  more  important  engineering 
work  accomplished  within  the  field  of  the  professional  work 
of  members  of  this  Association.  For  obvious  reasons,  per- 
sonal mention  in  connection  with  any  of  the  work  included 
in  this  summary  will  be  avoided. 

This  Association  has  at  present  eighty-one  active,  seven 
honorary,  and  two  contributing  members.  Of  the  eighty-one 
active  members,  not  less  than  twenty-six  have  been  engaged 
to  a  greater  or  less  extent  during  the  year  in  city  or  borough 
engineering;  nineteen  in  hydraulic  engineering;  four  speci- 
ally on  dams  and  water  power;  two  in  mechanical  engineer- 
ing; two  with  the  designing,  manufacture  and  erection  of 
iron  and  steel  bridges  and  building  structures;  and  thirteen 
in  a  general  practice  of  engineering  and  surveying.     A  few 
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of  those  included  in  these  different  classes  are  specialists  in 
one  particular  branch  of  engineering.  Others  are  so  included 
because  an  important  part  of  their  work  during  the  year  has 
been  of  one  of  these  special  departments.  Six  members  have 
either  retired  from  active  work,  or  have  dropped  the  work  of 
their  profession  to  engage  in  some  other  business.  There 
are  ten  members  of  whose  work  during  the  past  year  no 
information  of  any  kind  has  been  received.  Nineteen  mem- 
bers reside  either  temporarily  or  permanently  outside  this 
State. 

The  engineering  work  of  the  year  is  summarized  as  follows: 
Under  the  head  of  Sewerage,  the  work  of  the  greatest 
extent  and  importance  is  that  now  under  construction  at 
Meriden,  Conn.  A  complete  system  of  sewerage  has  recently 
been  designed  for  that  city,  which,  with  some  minor  excep- 
tions, provides  for  sewage  only.  The  disposal  of  the  sewage 
is  by  means  of  filtration  beds  on  the  sandy  plains,  on  the  west 
side  of  the  Quinnipiac  river,  below  the  village  of  South 
Meriden.  Those  members  of  the  Association  who  attended 
the  summer  meeting  at  Meriden  had  the  privilege  of  in- 
specting the  plans  and  of  examining  the  portion  of  the  work 
at  that  time  in  process  of  construction.  Several  of  the  large 
filter  beds,  together  with  about  16,000  feet  of  the  outfall 
sewers,  were  reported  as  completed  at  the  end  of  the  munici- 
pal year,  Nov.  30,  1892,  the  cost  of  the  same  having  been 
about  $85,000.  There  had  been  laid,  at  that  date,  of  brick 
sewers,  1,237  ^^^^  ^^  thirty -six  inches  interior  diameter,  and 
7,649  feet  of  thirty  inches;  of  vitrified  pipe  sewers,  1,200  feet 
of  twenty-four  inches  in  diameter,  3,650  feet  of  eighteen 
inches,  and  375  feet  of  twenty  inches,  together  with  1,870 
feet  of  eigh teen-inch  cast-iron  pipe  in  an  inverted  syphon  at 
the  crossing  of  the  Quinnipiac  river.  Quite  an  amount  of 
work  at  that  time  remained  to  be  done  in  completing  the 
outfall  sewers.  This  is  the  first  instance  of  any  importance 
in  this  State  where  such  a  method  for  the  disposal  of  sewage 
has  been  adopted.  The  experiment  will  be  regarded  with 
more  than  usual  interest  by  many  of  the  members  of  our 
Association,  until  its  success  and  utility  have  been  fully 
demonstrated. 

At  Waterbury,   Conn.,   a  system   of  sewerage   has   been 
designed  for  the  portion  of  the  city  west  of  the  Naugatuck 
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river,  to  cost,  when  fully  completed,  about  $150,000.  A 
portion  of  the  main  trunk  sewer  of  this  system  has  been  con- 
structed at  a  cost  of  about  $10,000.  About  10,500  lineal  feet 
of  other  sewers  have  been  laid  in  that  city,  from  eight  inches 
to  forty-five  inches  in  diameter,  at  a  cost  of  about  $25,000. 

About  two  and  one-half  miles  of  sewers  have  been  con- 
structed at  Torrington,  Conn.,  cost  not  given. 

At  Danbury,  6,600  feet  of  sewers  have  been  laid,  ten  inches 
to  three  feet  in  diameter,  at  a  cost  of  $21,500. 

At  Hartford,  about  3,000  feet  of  twelve-inch  sewer  has 
been  laid  at  a  cost  of  $8,228.35. 

At  New  London  the  main  outfall  sewer  has  been  ex- 
tended about  900  feet  into  the  harbor.  This  extension  is  of 
wooden  tubing,  two  feet  in  diameter,  the  cost  of  the  same 
having  been  about  $8,100.  About  835  lineal  feet  of  vitrified 
pipe  sewer  has  also  been  laid  within  the  same  city,  at  a  cost 
of  $2,800. 

A  system  of  sewerage  has  been  designed  for  the  north- 
eastern section  of  the  City  of  Middletown,  to  cost  when  fully 
completed,  about  $50,000.  Surveys,  plans  and  estimates  have 
also  been  made  for  an  outfall  sewer  for  the  southerly  portion 
of  the  city  according  to  the  separate  system. 

At  South  Manchester,  about  four  miles  of  sewers  have  been 
laid  during  the  past  year,  from  six  to  twelve  inches  in 
diameter. 

About  3,000  lineal  feet  of  sewers  were  laid  during  the  year 
at  New  Britain,  and  also  about  4,000  feet  at  Willimantic. 

At  Norwich  about  one  mile  of  sewers  and  house  drains 
were  laid  at  the  W.  W.  Backus  Hospital.  In  other  parts  of 
the  city  about  3,000  feet  of  sewers  have  been  constructed. 

Under  the  head  of  Water  Works,  the  following  items  have 
been  reported: 

The  proposed  additional  storage  supply  for  the  Hartford 
Water  Works,  the  surveys  and  estimates  for  which  were 
reported  last  year,  has  been  in  process  of  development  during 
the  past  season. 

A  new  dam,  600  feet  long,  has  been  constructed  below  the 
old  dam  at  the  Shuttle  Meadow  reservoir  of  the  New  Britain 
Water  Works,  with  canal  entrances  and  overflow,  new  gate 
house,  etc.  A  canal  westerly  from  the  reservoir  is  now 
under  construction,  which   will  be,  when  completed,   about 
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8,000  feet  long,  and  which  will  add  about  500  acres  to  the 
available  water  shed.  A  new  24-inch  cast-iron  main  has  been 
laid  from  the  reservoir  to  the  city.  The  cost  of  these  im- 
provements was  not  given. 

One  of  our  members  reports  the  consfruction  of  a  filter  of 
his  own  design  at  Nantucket,  Mass.,  at  a  cost  of  $6,000.  Also 
the  designing  and  construction  of  water  works  at  Florida, 
N.  Y.,  at  a  cost  of  $20,000;  at  Chester,  N.  Y.,  at  a  cost  of 
$50,000;  and  at  Altamont,  N.  Y.,  at  a  cost  of  $15,000.  He 
has  also  been  connected  with  the  designing  or  construction  of 
water  works  at  Stoney  Point  and  Oneonta,  N.  Y.  The  same 
member  also  reports  having  made  analyses  of  twenty-three 
different  samples  of  water  for  domestic  uses  during  the 
year. 

About  4^4  miles  of  cast-iron  water  main  have  been  laid  in 
the  City  of  Middletown  during  the  past  year,  at  a  cost  of 
$30,000.  Surveys  have  been  made  for  the  development  of  a 
proposed  new  additional  source  of  supply  for  that  city,  con- 
sisting of  a  supply  reservoir  to  flow  about  twenty  acres,  and 
a  storage  reservoir  to  flow  about  seventy  acres,  the  main 
conduit  to  be  of  20-inch  cast-iron  pipe.  The  elevation  of  the 
supply  reservoir  will  be  about  320  feet  above  the  level  of 
the  Connecticut  river,  or  100  feet  above  the  present  reservoir. 
This  is  intended  for  a  high  service  supply,  as  well  as  auxil- 
iary to  the  present  system.  The  estimated  cost  of  the  same 
is  $216,000. 

One  member  reports  the  construction  of  a  reservoir,  pump- 
ing plant  and  stand-pipe,  together  with  the  laying  of  about 
ten  miles  of  mains,  for  the  Westport  Water  Co.,  at  Westport, 
Conn. 

The  rebuilding  of  the  dam  of  the  smaller  reservoir  of  the 
South  Manchester  Water  Works  has  been  reported,  also  the 
laying  of  ten  miles  of  main  pipe,  four  to  twelve  inches  in 
diameter. 

Sur\'eys  are  reported  for  a  small  water  supply  at  Killingly, 
Conn.,  ^so  for  one  at  Taftville,  Conn. 

At  New  London  over  12,000  feet  of  cast-iron  water  pipe 
has  been  laid  at  a  cost  of  $8,100. 

Surveys  and  investigations  have  been  made  for  an  auxiliary 
pumping  plant  for  the  Wallingford  Water  Works. 
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At  Farmington,  Conn.,  3,035  feet  of  cast-iron  main,  6  inches 
in  diameter,  has  been  laid  at  a  cost  of  $2,165,  beside  quite  an 
amount  of  service  pipe. 

Surveys,  plans  and  estimates  are  reported  as  having  been 
made  for  an  additional  water  supply  for  the  borough  of 
Bethel,  Conn. 

Of  dams  for  water  power  purposes,  one  of  those  reported 
last  year  as  having  been  begun  across  the  Housatonic  river 
at  Housatonic,  Mass.,  has  been  under  construction  during  the 
present  year.  Surveys  and  plans  have  been  made  for  a  new 
dam  across  the  Salmon  river,  at  Leesville,  Conn.,  for  the 
development  of  a  large  amount  of  water  power  to  run  an 
electric  plant  for  power  and  light. 

Surveys  are  also  reported  for  a  small  dam  near  Saltonstall 
lake,  East  Haven,  Conn. 

But  few  items  have  been  reported  under  the  head  of 
Railroads. 

The  Consolidated  R.  R.  Co.  has  been  making  extensive 
and  costly  changes  in  the  layout  of  the  Shore  Line  Division 
of  its  road  eastward  from  New  Haven,  between  that  city  and 
Guilford,  by  which  the  line  through  Fair  Haven  on  both  sides 
of  the  Quinnipiac  river  will  be  abandoned,  thus  avoiding 
several  grade  crossings.  The  alignment  of  the  road  between 
Branford  and  Guilford  is  to  be  improved  and  several  grade 
crossings  will  be  obviated.  The  work  has  been  quite  expen- 
sive, owing  to  the  large  amount  of  rock  excavation.  Several 
members  are  reported  as  having  been  engaged  in  railroad 
work  in  the  West,  only  one  of  whom  has  reported  concerning 
his  work.  Two  members  report  from  different  localities  in 
this  State,  having  made  surveys  for  proposed  electric  street 
railways,  the  aggregate  length  of  electric  road  proposed  in 
one  case  being  about  ten  miles,  and  in  the  other  case  rather 
more  than  that  distance.  A  portion  of  the  latter  road  is 
already  under  construction.  Another  member  reports  con- 
siderable work  done  in  connection  with  the  equipment  of 
about  ten  miles  of  city  street  railway  with  electric  pow.er. 
Several  members  report  improvements  of  considerable  ex- 
tent in  connection  with  common  roads,  over  $10,000  having 
been  reported  as  laid  out  the  past  year  on  one  road  from 
one  of  the  larger  boroughs  of  the  State  to  a  popular  seaside 
resort. 
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Under  the  head  of  Bridges,  two  of  our  members  connected 
with  one  of  the  leading  bridge  companies  of  the  country, 
report  having  been  concerned  in  the  erection  of  62  bridges 
and  119  building  structures  of  iron  or  steel  during  the  past 
year,  the  aggregate  cost  of  which  was  about  $1,250,000.  Sev- 
eral others  report  having  been  engaged  in  the  erection  of 
bridges  in  their  owm  localities. 

Two  half-mile  trotting  courses  have  been  laid  out  and 
constructed  during  the  year,  one  at  Pomfret  and  one  at 
Wallingford. 

One  member  reports  having  in  preparation  for  publication 
a  wall  map  of  the  village  in  which  he  resides. 

Much  of  the  work  of  the  members  of  such  an  association  is 
necessarily  of  too  commonplace  a  character  to  be  worthy  of 
special  mention.  Much  of  such  work,  however,  demands 
both  skill  and  thoroughness  on  the  part  of  the  engineer,  and 
if  properly  and  accurately  done,  reflects  credit  on  the  one 
who  does  it,  even  though  the  work  be  of  little  magnitude  or 
importance. 

In  concluding  this  brief  summary  of  the  work  of  the  past 
year,  permit  me  to  thank  you  for  your  forbearance  and  co- 
operation, and  for  the  readiness  with  which  you  have  responded 
to  requests  for  the  preparation  of  papers  for  our  meetings 
and  for  assistance  in  other  ways.  Let  me  bespeak  for  the 
officers  to  be  chosen  for  the  coming  year,  the  same  hearty 
co-operation  in  all  the  plans  they  may  propose  for  the  future 
success  and  usefulness  of  this  organization. 
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R  E  PORT 

—  OF  THE  — 

Committee  ON  Roads  and  Road-making. 


In  reply  to  the  following  question:  "What  principles  and 
considerations  should  govern  an  engineer  in  establishing 
grades  on  city  and  village  streets,  where  the  natural  surface 
inclines  considerably,  and  where  streets  intersect  at  distances 
apart  of  from  three  hundred  to  five  hundred  feet  ?*'  it  seems 
to  the  Committee  that  the  question  in  all  its  phases,  with 
streets  intersecting  at  various  angles  and  at  different  grades, 
cannot  be  fully  and  satisfactorily  answered  within  the  limits 
of  a  brief  report. 

If  the  streets  are  laid  out  at  right  angles  to  each  other,  the 
solution  of  the  problem  becomes  less  difficult.  Still  it  is 
hardly  possible  to  lay  down  any  positive  rule  that  will  prove 
satisfactory  in  all  cases,  even  where  streets  intersect  at  right 
angles.  To  make  our  report  clear,  let  it  be  assumed  that  the 
question  proposed  applies  to  the  case  of  a  main  street  or 
avenue  running  up  and  down  hill  on  a  steep  grade,  and  inter- 
sected at  right  angles  by  cross  streets  at  distances  of  three 
hundred  feet  apart.  Also,  that  the  question  to  be  considered 
is:  What  is  the  best  method  of  adjusting  the  grades  at  such 
street  intersections  ? 

Permit  us  to  state,  at  the  outset,  that  the  practice  of  good 
engineers  on  this  point  varies  in  different  localities.  One 
method  is  to  make  both  streets  level  from  the  building  lines, 
and  to  break  the  grade  of  the  street  running  up  and  down 
hill  at  the  building  line  on  each  side  of  each  crossing  street; 
or,  in  other  words,  to  establish  the  four  comers  of  the  inter- 
secting streets  at  the  same  level,  thus  giving  to  both  main 
and  intersecting  streets  a  level  cross  section  throughout. 
This  gives  to  the  cross  street  the  appearance  of  inclining 
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downward  toward  the  hill,  and  to  the  main  street  up  and 
down  the  hill  a  very  ugly  look.  However,  it  usually  permits 
a  g-ood  and  uniform  distribution  of  the  storm  water  to  the 
various  inlets  and  sewers. 

Another  method  is  to  set  the  comer  curbs  of  the  inter- 
secting streets  to  conform  to  the  desirable  grade  for  the 
main  street  up  and  down  the  hill.  An  objection  to  this 
method  is,  that  with  steep  grades  the  storm  water  is  liable 
to  flow  across  and  over  the  crowns  of  the  crossing  streets, 
and  to  become  more  or  less  concentrated  at  the  points  of 
lower  level.  Furthermore,  the  cross-section  of  the  intersect- 
ing streets,  for  a  longer  or  shorter  distance  each  way  from 
the  main  street,  has  to  be  considerably  warped,  or  dis- 
torted, or  else  the  crossing  street  must  deviate  throughout 
from  a  level  cross-section  the  same  as  at  the  street  inter- 
sections. 

Upon  comparing  these  two  methods,  it  will  be  seen  that, 
according  to  the  first,  the  controlling  grade  is  really  that  of 
the  cross  street.  By  the  second  method,  the  controlling 
grade  is  that  of  the  main  street,  running  up  and  down  the 
hill. 

It  seems  to  the  Committee  that  the  following  quotation 
from  the  reporf  of  Messrs.  Hering  and  Rose  water,  as  con- 
sulting engineers  to  the  Board  of  Public  Works  of  Duluth, 
Minn.,  gives  the  best  general  answer  to  the  question.  They 
say: 

"At  the  intersection  of  avenues  with  streets  in  the  business  portion  of  the 
city,  the  limits  of  gradients  for  crossings  must,  for  obvious  reasons,  be  less  than 
upon  streets  in  the  residence  portion.  In  both  cases,  however,  certain  pre- 
scribed limits  of  form  are  essential  to  the  requirements  of  traffic  and  drainage. 
Upon  all  streets  and  avenues  in  the  city,  except  in  the  business  section,  the 
curb  grades  should  be  unbroken  between  intersecting  curbs.  In  the  business 
section,  the  lines  of  curb  grades  when  exceeding  eight  per  cent,  should  be 
broken  at  the  street,  or  property  line. 

*•  All  street  crossings  from  curb  on  one  side  to  curb  on  the  other  side,  irre- 
spective of  location,  should  be  designed  on  a  basis  of  a  three  per  cent,  slope, 
except  when  the  slope  of  the  intersecting  streets  or  avenues  is  less,  in  which 
case  the  grades  shall  be  continued  unbroken  over  the  crossings." 

Respectfully  submitted, 

J.  K.  WILKES.  )  r 

^  f  Commtttee  on 

W.  S.  CLARK,  \  n     J        V   z>     /       A- 

I  Roads  and  Koad-making. 


WxM.  B.  COCHRANE, 
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Question. — Would  the  Committee  recommend  placing  all 
the  four  comers  at  street  intersections  at  the  same  level  ? 

Mr.  Wilkes. — No,  I  think  not,  as  a  rule.  Where  water 
must  flow  along  the  gutters  across  an  intersecting  street,  it 
would  make  an  objectionable  crossing  for  teams.  The  curb, 
on  the  lower  side  might  be  six  inches  lower  than  on  the 
upper  side.  In  some  cities  a  maximum  limit  of  twelve  inches 
difference  in  cross-sections  is  adopted.  Placing  the  four 
corners  level,  gives  the  main  street  at  the  crossing  street  an 
appearance  of  pitching  downward  toward  the  hill.  The 
grade  might  be  broken  on  the  curbs  of  the  main  street  or 
crossing  street. 

Mr.  W.  S.  Clark  (a  member  of  the  Committee). — I  hope 
this  question  will  be  fully  discussed,  for  it  is  often  a  trouble- 
some one.  We  think  there  can  be  no  inflexible  rule.  A 
particular  case  must  often  be  determined  according  to  its 
own  peculiar  conditions. 

Mr.  Bunce. — What  has  been  your  method  in  establishing 
grades  on  side-hill  streets? 

Mr.  Wilkes. — I  have  resorted  to  various  expedients.  I 
have  been  compelled  to  do  so.  In  Western  cities  where 
streets  are  being  newly  laid  out,  a  rule  can  be  adopted  and 
followed.  It  is  hardly  possible  to  follow  any  rule  inflexibly 
in  Eastern  cities. 

Question. — In  practice  have  you  generally  laid  the  curb  on 
the  lower  side  of  a  hillside  street  at  a  lower  grade  than  on 
the  upper  side  ? 

Mr.  Wilkes. — I  have,  in  some  cases. 

Mr.  La  Forge. — Suppose  we  have  a  street  here  in  Hart- 
ford, mostly  built  upon,  running  up  hill  at  a  grade  of  twelve 
in  one  hundred.  Finally  some  person  who  has  rear  land 
near  this  street  which  could  be  cut  up  into  building  lots, 
wishes  to  open  through  his  land  an  avenue  or  side  street. 
How  are  you  going  to  regulate  the  grades  for  that  new  side 
street  ? 

Mr.  Wilkes. — The  peculiar  circumstances  of  such  a  case 
would  have  to  determine  that  matter.  It  seems  to  me  that 
any  particular  case  must  be  decided  according  to  its  own 
peculiar  conditions. 
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The  Chair. — In  Danbury  are  the  gradients  of  the  public 
streets,  for  curbs  and  walks,  mostly  established  in  advance  ? 
Or  does  the  question  of  establishing  grades  come  up  after 
the  street  has  been  occupied  by  buildings,  etc.  ?  , 

Mr.  Wilkes. — The  city  authorities  are  frequently  peti- 
tioned to  lay  out  a  street  and  establish  grades  after  the  street 
has  been  opened  by  property  owners  and  considerably  built 
upon.  We  establish  no  grades  until  there  has  been  a  city 
layout  of  the  street.  • 

The  Chair. — To  what  extent  is  the  determination  of  grades 
for  a  street  left  to  the  engineer  ? 

Mr.  Wilkes. — The  engineer  usually  advises  with  the  Com- 
mon Council,  or  Committee  on  Streets.  The  amount  that 
may  be  allowed  for  grading  the  street  determines,  in  some 
measure,  how  nearly  in  conformity  to  the  most  desirable 
conditions  the  grades  may  be  made. 

The  Chair. — What  is  the  provision  in  your  charter  con- 
cerning the  future  changes  of  grade  ? 

Mr.  Wilkes. — The  grades  may  be  changed  by  vote  of  the 
Common  Council  after  five  years,  but  at  the  expense  of  the 
city  if  so  changed. 

Mr.  Burt. — Are  the  lines  of  curbs,  etc.,  fixed  by  the  center 
lines  of  the  street,  or  from  the  side  lines  ? 

Mr.  Wilkes. — There  is  no  invariable  rule  in  Danbury  in 
that  matter. 

Mr.  Burt. — In  Hartford  the  established  grade  is  generally 
along  the  center  line  of  the  street.  Only  in  exceptional  cases 
is  the  grade  of  a  side  street  an  after  consideration. 

Mr.  Frost,  of  the  Engineering  News. — In  1887  we  pub- 
lished an  article  on  this  subject,  in  two  numbers,  by  Mr. 
Calkins,  who  was  connected  for  several  years  with  the  Park 
Department  of  New  York  city.  I  presume  Mr.  Wilkes  had 
seen  that  article  before  he  prepared  this  paper.  (Mr.  Wilkes. 
— I  had  r.een  it.)  I  would  refer  anyone  who  desires  to  read 
this  article  to  the  files  of  the  Engineering  News  of  February 
and  March,  1887. 

The  Chair. — Have  you  not  also  published  another  article 
concerning  the  gradients  of  streets  in  the  upper  portion  of 
New  York  city  ? 
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Mr.  Frost. — Mr.  S.  S.  Haight  wrote  a  very  elaborate  article 
on  "Field  Work,  and  on  Laying  Out  Streets  and  SubdiW- 
sions/'  which  was  published  in  the  Engineering  News. 

Mr.  Loomis. — It  seems  to  me  we  must  adapt  the  gradients 
of  streets  somewhat  to  the  topography  of  the  section  in  hand. 

Mr.  Cairns. — What  is  good  practice  in  establishing  gra- 
dients on  hillside  streets,  leaving  out  of  the  question  for  the 
present  intersecting  streets  ?  The  fronting  land  on  the  upper 
side  may  be  valuable,  and  an  owner  of  such  land  will  come 
to  you  and  say,  "  You  can't  get  the  grade  too  high — keep  it 
as  high  as  possible.**  A  land-owner  on  the  opposite  or  lower 
side  will  want  the  grade  fixed  as  low  as  possible,  because  his 
property  will  be  injured  if  the  grade  of  the  street  on  that 
side  is  very  high.  To  what  extent  then  is  it  desirable  to  incur 
extra  expense  in  grading,  and  injury  to  property  on  both 
sides  of  the  street,  to  bring  both  curbs  to  a  level  cross-section  ? 

Mr.  Wilkes. — In  such  cases  I  have  sometimes  made  the 
grade  for  the  curb  on  the  upper  side  three  inches,  or  six 
inches,  higher  than  for  the  lower  side.  Unless  you  provide 
for  a  gutter  along  the  upper  side,  the  water  will  flow  across 
the  street  and  will  injure  the  roadway.  Wherever  it  is  prac-* 
ticable,  however,  I  would  give  the  roadway  a  level  cross- 
section. 

Mr.  McKenzie. — Have  you  any  streets  where  the  curb  on 
the  lower  side  is  a  foot  lower  than  on  the  upper  side  ? 

Mr.  Wilkes. — Not  many  such  streets,  if  any.  At  intersec- 
tions of  crossing  streets  there  may  be  such  a  diflFerence. 

The  Chair. — Where  it  would  seem  desirable  to  place  the 
curb  on  the  up-hill  side  higher  than  on  the  down-hill  side, 
might  not  the  water  be  kept  from  flowing  across  the  road  by 
making  the  crown  of  the  roadway  nearer  the  upper  curb? 

Mr.  Clark  (one  of  the  Committee). — In  our  practice  in 
Meriden  the  up-hill  curb  on  the  street  in  some  cases  is  placed 
from  twelve  to  eighteen  inches  higher  than  the  lower  curb, 
in  which  case  the  gutter  on  the  upper  side  is  made  deejjer 
from  the  top  of  the  curb,  and  the  crown  of  the  roadway  is 
placed  nearer  the  upper  curb.  This  has  proved  more  satis- 
factory to  property  owners  on  both  sides  of  such  a  street 
than  to  give  the  roadway  a  level  cross-section. 
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The  Chair. — Mr.  Clark,  in  establishing  gradients  for  the 
two  curb  lines  of  your  streets,  and  in  making  records  of  the 
same,  are  the  elevations  indicated  on  the  maps  or  plans  of 
the  streets,  or  on  the  profiles  only  ? 

Mr.  Clark. — Generally  on  both  plans  and  profiles.  We 
usually  make  layouts,  and  establish  new  lines  and  gradients 
for  eight  or  ten  streets  each  year.  The  property  owners  are 
notified  and  heard,  and  damages  or  benefits  are  assessed  by 
a  Board  of  Compensation.  The  lines  and  grades  adopted  are 
indicated  on  maps  and  profiles,  and  also  recorded  by  a  written 
description  in  a  record  book. 

The  Chair. — How  do  you  locate  the  starting  points,  or 
stations,  of  the  lines  upon  which  your  gradients  are  fixed  ? 

Mr.  Clark. — Quite  frequently  by  distances  along  the  line 
to  points  in  line  with  the  sills  or  underpinnings  of  houses  or 
other  buildings. 

Mr.  Fenton. — What  do  the  members  understand  by  the 
term,  descriptive  survey  ? 

Mr.  Frost. — That  would  be  answered  very  much  according 
to  a  person's  own  ideas.  It  might  take  in  a  great  deal.  The 
topographical  survey  of  England  might  be  called  a  descrip- 
tive sur\xy.  One  that  gives,  in  addition  to  roads,  fence  or 
division  lines,  buildings,  etc.,  contours  of  the  ground,  might 
be  called  a  descriptive  survey. 

Mr.  Fenton. — Is  a  map  necessary?  . 

Mr.  Frost. — I  should  think  so,  always.  Suppose  it  is  re- 
quired in  a  city  charter  that  a  descriptive  survey  shall  be 
made  of  the  territory  embraced  within  the  city  limits.  I 
think  any  such  survey  without  a  map  would  be  very  vague. 
If  there  is  a  map  showing  lines,  etc.,  and  also  contours,  it  can 
be  made  applicable  to  the  laying  out  of  streets,  a  system  of 
sewerage,  or  other  similar  purposes.  The  topographical 
survey  of  New  Jersey  is  used  somewhat  for  such  purposes, 
and  is  regarded  as  remarkably  accurate.  State  Geologist 
Cook  has  acquired  quite  a  reputation  for  the  accuracy  of  his 
topographical  survey  of  the  State  of  New  Jersey. 
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A  Good  Light  for  Night  Work. 

By  E.  p.  GARDNER,  Norwich,  Conn. 


When  one  has  outside  work  to  do  at  night,  the  comfort  and 
-efficiency  of  the  men,  the  measure  of  success  attending  the 
work,  and  the  cost  of  the  same,  depend  largely  upon  the 
amount  of  artificial  light  that  can  be  thrown  upon  the  work 
and  its  surroundings.  The  electric  light  answers  the  pur- 
pose admirably  when  it  can  be  had,  but  it  is  not  always 
available.  The  use  of  kerosene  lanterns,  black  lamps  or 
torches  is  very  unsatisfactory.  A  light  for  this  purpose 
should  be  portable,  reliable,  easily  managed,  economical,  and 
durable. 

I  find  it  is  not  generally  known  that  such  a  light  has  been 
invented,  and  can  be  easily  obtained.  To  state  this  fact,  and 
to  briefly  describe  the  apparatus,  is  the  purpose  of  this 
paper. 

During  the  past  eighteen  months  I  have  used  the  Wells 
Light,  and  have  found  it  to  answer  the  above  requirements 
admirably.  It  consists  of  a  galvanized  steel  tank,  about  i8 
by  24  inches  in  size,  into  the  top  of  which  is  inserted  and 
fastened  an  air  pump.  From  the  top  also  rises  a  one-inch 
stand-pipe,  attached  to  the  base  of  which  is  a  pressure  gauge 
and  a  peculiarly  constructed  valve  and  strainer.  Into  the 
top  of  this  stand-pipe  is  inserted  a  burner,  formed  principally 
of  a  number  of  tubes  arranged  around  a  hollow  square  and 
terminating  at  the  back  end  in  a  jet  about  jf^  of  an  inch  in 
diameter,  directly  in  front  of  which  is  a  hollow  iron  cone. 
Immediately  under  the  burner,  and  fastened  to  it,  is  an  iron 
dish  or  cup. 

Its  operation  is  as  follows:  First,  fill  the  tank  about  three- 
fourths  full  with  kerosene  oil,  and  by  means  of  the  air  pump 
force  air  into  the  tank-  until  the  gauge  shows  a  pressure  of 
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20  or  25  pounds.  Then  fill  the  dish  or  cup  under  the  burner 
with  kerosene  oil,  and  place  over  it  the  temporary  sheet-iron 
chimney  or  cover.  Light  the  oil  in  the  cup  and  the  flame 
will  soon  heat  the  tubes.  When  sufficiently  heated,  open  the 
valve  at  base  of  stand-pipe,  and  the  pressure  in  the  tanks  will 
force  oil  up  the  stand-pipe  and  through  the  tubes,  where  the 
heat  will  change  it  into  gas,  which  will  escape  through  the 
orifice  and  hollow  cone,  and  will  be  ignited  in  the  hollow 
square  formed  by  the  tubes,  producing  a  flame  from  24  to  30 
inches  long,  giving  a  pure  white  light.  The  flame  in  passing 
through  the  hollow  square  keeps  the  tubes  hot,  and  causes  a 
coiitinuous  supply  of  gas,  so  long  as  there  is  oil  and  pressure 
in  the  tank.  By  means  of  the  air  pump  the  pressure  may  be 
kept  up  and  the  tank  filled  with  oil  while  the  light  is  burn- 
ing.    The  consumption  of  oil  is  about  one  gallon  per  hour. 

I  have  used  this  light  principally  while  repairing  breaks  in 
cement  water  pipe.  It  illuminates  a  large  space,  so  that  one 
can  readily  find  the  small  tools  needed,  and  can  watch  the 
banks  of  the  ditch  to  note  any  indications  of  caving.  Ordi- 
nary print  can  easily  be  read  when  standing  100  feet  from 
the  burner. 

I  have  used  it  all  night,  with  the  thermometer  at  6°,  and 
again  at  75°;  when  the  air  was  still,  and  when  the  wind  was 
blowing  at  the  rate  of  25  miles  per  hour;  in  clear  weather, 
and  in  a  severe  rain  storm.  It  has  given  satisfaction  under 
all  these  varying  conditions. 

By  placing  a  short  section  of  hose  between  the  stand-pipe 
and  the  burner,  the  latter  may  |^e  lowered  into  the  ditch, 
placed  upon  an  elevated  platform  or  hung  up  on  a  pole. 
With  such  a  hose  the  light  may  be  used  for  melting  lead,  or 
for  other  heating  purposes,  as  well  as  for  lighting. 

I  have  also  used  it  for  melting  out  lead  joints  in  iron  pipe. 
The  use  of  the  hose  referred  to  above  allows  the  flame  to  be 
directed  against  the  lead  in  the  joint,  and  with  the  aid  of  a 
blow-pipe  connected  to  a  stop  in  the  top  of  the  tank  by 
rubber  tubing,  the  lead  can  be  easily  melted.  I  have  found 
that  within  ten  minutes  after  the  lead  has  been  thus  melted 
out,  I  could  handle  the  pipe  with  bare  hands.  The  pipe  was 
left  in  good  condition  to  use  again,  as  the  coating  was  not 
destroyed,  as  is  usually  the  case  when  the  lead  is  melted  out 
by  fire. 
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In  this  work,  however,  I  have  met  with  two  difficulties. 
First,  to  keep  up  the  pressure  in  the  tank  with  the  air  pump 
for  both  the  burner  and  blow-pipe.  I  think  this  difficulty 
could  be  overcome  by  having  two  air  pumps  in  the  tank. 
Secondly,  the  tendency  of  the  blow-pipe  to  disintegrate  and 
fill  up  the  orifice,  in  consequence  of  the  intense  heat  to  which 
it  was  subjected.  Perhaps  this  could  be  avoided  by  using  a 
platinum  or  lava  tip. 

The  apparatus  herein  described  can  be  obtained  from 
Messrs.  Keegan  &  Halpin,  46  Washington  street.  New  York. 
They  will  probably  give  any  further  information  desired. 
I  have  no  acquaintance  with  them,  and  have  no  interest  w^hat- 
ever  either  in  the  manufacture  or  sale  of  these  lights. 


Extension  of  the  Outfall  Sewer  Under  the 
Harbor  at  New  London,  Conn. 

By  GEO.  K.  CRANDALL, 
Assistant  Engineer,  New  London  Sewer  Department. 


[This  p«per  was  solicited  for  publication  in  the  Engineer img  AVtcv,  and  appeared  in  the 
issue  of  January  19,  1893.  The  cuts  were  furnished,  without  charge,  by  the  publishers  of  that 
paper.] 

In  1886  the  City  of  Ne^  London,  Conn.,  commenced  the 
construction  of  a  separate  system  of  sewers.  About  i,'4 
miles  of  the  main  intercepting  sewers  were  built  in  that 
year,  and  sewers  have  been  added  each  succeeding  year.  As 
it  was  designed  to  have  but  one  outlet  for  this  portion  of  the 
city,  these  sewers  were  united  in  one  24-inch  pipe,  designed 
to  be  duplicated  hereafter,  discharging  into  the  harbor  under 
one  of  the  wharves. 

This  was  designed  as  a  temporary  outlet,  although  it  was 
thought  that  it  would  answer  for  some  years;  but  the  pres- 
ence of  dye  wastes  emptied  into  the  sewer  from  one  of  the 
silk  mills  became  very  objectionable,  particularly  to  the  fish 
dealers  in  the  vicinity,  and  the  necessity  for  carrying  the 
sewage  farther  away  soon  became  apparent.     Consequently 
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a  series  of  experiments  was  made  with  floats  to  determine 
the  currents  in  and  about  the  wharves,  and  to  ascertain  how 
far  out  it  would  be  necessary  to  extend  the  pipe.  Many  kinds 
of  floats  were  used,  both  for  surface  and  deep  water  currents, 
but  most  of  the  results  were  quite  unsatisfactory,  as  the  floats 
were  found  to  take  different  courses  at  different  times  when 
the  conditions  appeared  to  be  the  same.  As  regards  the 
forms  of  the  floats  used,  the  most  satisfactory  results  were 
obtained  with  surface  floats  made  of  quart  bottles  with  long 
necks,  with  a  wire  sticking  up  through  the  cork  of  each, 
bearing  a  number  for  identification. 

It  was  finally  decided  that  at  a  distance  of  800  feet  from 
the  end  of  the  old  outlet  there  would  be  no  danger  of  the 
sewage  setting  back  into  the  slips. 

There  was  a  depth  of  18  feet  of  water  over  almost  the 
entire  length  of  the  proposed  line.  It  was  also  in  a  part  of  the 
harbor  where  there  is  much  anchoring  of  vessels.  There 
being  no  sudden  slope  of  the  bottom  at  the  so-called  channel, 
as  was  supposed  by  some  people,  and  it  being  deemed  advis- 
able to  lay  the  pipe  from  four  to  six  feet  under  the  mud  as  a 
protection  against  injury  by  anchors,  it  was  necessary  to  lay 
it  in  the  form  of  an  inverted  syphon. 

Three  kinds  of  pip  ewere  given  careful  consideration,  cast- 
iron,  spiral  welded  steel,  and  wood.  Three  special  require- 
ments were  considered,  durability,  ease  in  laying,  and  cost. 
The  question  was  finally  decided  in  favor  of  the  wood:  First, 
on  account  of  its  durability,  as  it  is  a  well  known  fact  that 
wood  entirely  submerged  will  last  for  an  indefinite  time,  also 
that  the  salt  water  would  injuriously  affect  cast-iron  and 
steel;  secondly,  on  account  of  the  ease  in  laying,  as  it  could 
be  made  in  much  longer  sections,  requiring  fewer  joints,  and 
w^ould  be  much  easier  to  get  into  place  than  the  heavier 
pipes;  and  thirdly,  the  cost  was  found  to  be  from  10  to  15 
per  cent,  less  than  the  other  materials  mentioned.  The  pipe 
used  was  24  inches  in  diameter,  and  was  made  of  green 
cypress  staves  three  inches  thick,  cut  on  the  radius  and 
planed  on  all  sides.  It  was  built  on  the  beach  parallel  with 
the  shore,  in  lengths  of  175  feet.  The  staves  were  not  less 
than  20  feet  in  length,  put  together  so  as  to  break  joints,  and 
were  bound  together  by  three  |-inch  steel  rods,  double  gal- 
vanized, drawn  together  on  the  top  in  a  special  saddle  made 
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for  the  purpose.  Stop-waters  were  put  in  at  all  butt  joints. 
As  the  wood  weighed  a  little  less  than  50  pounds  to  the  cubic 
foot  it  was  necessar}'^  to  weight  it,  and  this  was  done  with 
old  rails  fastened  to  the  pipe  by  means  of  iron  staples.  The 
details  of  the  pipe  and  fastenings  are  shown  by  Fig.  i. 


<  - 


At  a  point  about  100  feet  back  of  the  old  outlet  and  at  the 
end  of  the  tile  pipe,  a  settling  basin  was  built,  to  catch  any 
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heavy  matter  which  might  settle  in  the  submerged  pipe  and 
clog  it,  in  the  following  manner: 

The  filling  under  the  wharf,  which  consisted  almost  en- 
tirely of  stone,  was  excavated  to  the  proper  depth,  and  a 
solid  stone  foundation  was  laid.  Then  a  wooden  caisson  6 
feet  9  inches  square  and  8  feet  high  was  built  on  the  wharf, 
of  3-inch  yellow  pine,  lined  with  brick.  This  was  sunk  onto 
the  foundation,  and  a  stone  wall  built  all  around  on  the  out- 
side. This  made  a  water-tight  basin,  which  can  be  pumped 
out  and  cleaned  at  any  time  by  turning  the  sewage  into  the 
old  outlet. 

After  this  basin  was  completed,  or  nearly  so,  a  trench  was 
dug  out  into  the  harbor,  var^^ing  from  8  to  14  feet  in  depth. 
Most  of  the  trenching  was  done  with  a  clam-shell  dredge, 
but  the  leveling  off  the  bottom  and  some  of  the  harder 
portions  required  the  aid  of  a  suction  pump  and  a  submarine 
diver.  The  bottom  of  the  harbor  consisted  in  most  parts  of 
soft,  sticky  mud,  but  in  some  places  gravel  and  hardpan  were 
found  underneath. 

After  a  suitable  length  of  trench  was  ready,  a  section  of 
pipe  was  towed  to  a  position  directly  over  it,  being  held  up 
by  barges  and  then  allowed  to  sink  into  place,  where  it  was 
adjusted  by  a  diver. 

The  joints  were  of  two  kinds,  one  being  used  where  the 
wooden  pipe  was  fastened  to  the  cast-iron  bend  under  the 
wharf,  and  consisting  of  plain  cast-iron  flanges,  bolted  to  the 
pipe.  The  otller  joints  between  the  sections  of  the  wooden 
pipe  were  made  by  tapering  off  one  end  and  cutting  out  the 
other,  making  a  joint  similar  to  the  one  ordinarily  used  on 
cement  pipe.  The  sections  of  the  pipe  were  drawn  and  held 
together  by  means  of  one-inch  iron  bolts  put  through  brackets 
on  the  sides  of  the  pipe,  all  as  shown  in  Fig.  i. 

As  soon  as  one  section  of  the  pipe  was  in  place  and  found 
to  be  on  the  proper  line  and  grade,  the  trench  was  back-filled 
with  the  material  excavated  from  the  next  section  ahead,  and 
so  on  until  the  last  section  was  laid. 

After  one  of  these  sections  had  been  laid  and  some  of  the 
back-filling  done,  it  was  found  that  the  pipe  was  being  forced 
up  by  the  mud,  which  was  dumped  from  a  scow.  It  became 
necessary  to  drive  piles  along  the  sides  and  fasten  it  down. 
This  course  was  pursued  with  all  the  remaining  sections. 
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As  the  bottom  of  the  pipe  at  the  discharge  end  was  about 
eight  feet  below  the  surface  of  the  mud,  it  was  necessary  to 
put  on  a  riser.  This  consisted  of  a  cast-iron  elbow  made 
with  a  flat  base,  a  straight  riser  of  24-inch  cast-iron  pipe,  and 
a  cast-iron  bonnet,  which  was  placed  on  the  top  as  a  protec- 
tion against  anchors.  These  are  shown  by  Fig.  2.  The 
weight  of  these  castings  was  about  three  tons.  This  outlet 
was  built  on  a  pile  foundation  and  is  surrounded  by  cement 
concrete  put  down  in.  bags. 


Fig.  2. — Discharge  End  of  the  Outlet  Sewer. 

The  top  of  the  pipe  where  it  leaves  the  settling  basin  is  at 
the  level  of  mean  high  tide.  From  there  it  is  laid  on  a 
grade  of  64  to  100  for  the  first  36  feet;  for  the  remainder  of 
the  distance  it  is  on  a  grade  of  i  in  850,  with  the  rise  at  the 
end.     The  discharge  end  is  18.8  feet  below  mean  high  tide. 

The  work  on  this  extension  was  done  under  the  direct  super- 
vision of  the  writer,  and  in  accordance  with  the  plans  and 
directions  of  Mr.  W.  H.  Richards,  Chief  Engineer.  It  was 
commenced  in  the  latter  part  of  July,  1892.  The  sewage  was 
turned  into  the  new  pipe  in  November  of  the  same  year, 
since  which  time  it  has  been  working  very  satisfactorily. 
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Further  statements  were  made  by  Mr.  Crandall  in  answer 
to  questions,  giving  additional  facts  of  interest  concerning 
this  outfall  sewer,  as  follows: 

The  pipe  was  made  in  sections  175  feet  in  length,  no  staves 
or  pieces  to  be  less  than  20  feet  long,  except  at  the  ends  of 
the  sections.  Each  section  was  weighted  with  old  steel  rails, 
a  little  more  than  sufficiently  to  sink  it.  The  sections  were 
placed  in  proper  position  and  joined  together  by  divers. 

The  proper  grade  and  depth  were  determined  by  means  of 
floats  and  a  tide  gauge  on  one  of  the  wharves. 

A  pipe  of  wood  was  preferred  to  one  of  steel,  because  it 
would  cost  less,  could  be  handled  more  easily,  and  could  be 
put  down  in  longer  sections.  It  was  not  required  that  the 
pipe  should  be  perfectly  water-tight.  The  work  was  com- 
pleted just  before  the  first  of  last  December. 

There  is  an  overflow  into  the  old  sewer  outlet,  about  15 
feet  above  the  level  of  the  new  intercepting  basin,  where  the 
present  wooden  pipe  begins.  This  intercepting  basin  is  in- 
tended to  catch  the  silt  or  heavy  matter  that  might  other- 
wise be  deposited  and  remain  to  obstruct  the  wooden  pipe. 
This  outfall  sewer  is  for  the  sewers  of  the  separate  system 
only. 

Mr.  Loom  is. — From  how  large  an  area  of  the  city  does  this 
outfall  sewer  receive  the  drainage  ? 

Mr.  Crandall. — I  cannot  tell  exactly.  The  area  which  it 
drains  will  be  greater  in  the  future  than  it  is  at  present.  It 
probably  now  carries  off  the  sewage  of  a  population  of  10,000. 
This  two-foot  outfall  sewer  is  intended,  theoretically,  for  only 
house  drainage  or  sewage.  Some  roof  water  has  been  allowed 
to  be  discharged  into  the  lateral  sewers  as  a  means  of  flush- 
ing. No  automatic  flush-tanks  have  been  constructed  at  the 
upper  ends  of  the  lateral  sewers  as  yet,  but  there  are  connec- 
tions with  the  water  mains,  which  are  used  for  occasionally 
flushing  the  sewers.  The  minimum  size  of  lateral  sewers  is 
eight  inches  in  diameter. 

The  wood  of  which  the  outfall  is  made  is  cypress.  The 
ends  of  the  sections  are  joined  together  as  shown  in  the 
drawings.  The  joint  is  drawn  together  by  means  of  the 
bolts. 
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The  average  depth  below  the  surface  of  the  mud  at  which 
the  pipe  is  laid  is  nine  feet.  Near  the  wharves  the  seWer  is 
about  14  feet  below  the  surface  of  the  mud.  It  was  necessary 
to  lay  the  pipe  at  such  a  depth,  because  the  Railroad  Company 
required  that  the  pipe  at  their  wharf  should  be  not  less  than 
20  feet  below  the  surface  of  the  water.  They  intend  at  some 
future  time  to  dredge  out  the  bottom  for  large  vessels.  It 
was  intended  that  the  pipe  should  be  at  least  four  feet  lower 
than  the  greatest  depth  to  which  the  bottom  would  probably 
ever  be  excavated. 

Question. — Do  you  know  of  any  other  similarly  situated  and 
constructed  outfall  sewer  ? 

Mr.  Crandall. — No.  The  plan,  I  believe,  is  original  with 
Mr.  Richards.  The  wooden  pipe  was  built  by  ship  carpenters 
for  $1.74  per  lineal  foot.  The  excavation  was  all  done  by 
contract  at  $4.50  per  cubic  yard. 

Question. — What  inspection  of  the  finished  work  was  there 
on  the  part  of  the  city  ? 

Mr.  Crandall. — None.  Such  inspection  could  be  made 
only  by  a  person  in  a  diver's  suit.  A  large  wooden  ball  was 
sent  through  the  sewer  after  its  completion,  to  prove  that  it 
was  clear  and  that  the  sections  were  properly  connected  to- 
gether. The  pieces  of  cypress  were  to  be,  by  the  contract,  not 
less  than  20  feet  long.  They  were  got  out  in  Florida  specially 
for  this  work.     The  pieces  are  put  together,  breaking  joints. 

Question. — How  did  you  manage  to  get  the  pipe  at  the 
proper  depth  and  grade  ? 

Mr.  Crandall. — By  means  of  floats  and  a  tide  gauge.  A 
man  was  kept  at  the  gauge,  who  reported  the  reading  of  the 
same  every  five  minutes.  Sometimes  the  pipe  would  not  go 
down  to  the  required  depth.  If  the  lack  was  slight,  the  diver 
would  excavate  with  a  hoe.  If  considerable  had  to  be  re- 
moved, the  dredge  was  used.  The  diver  was  always  at  the 
outer  and  lower  end  of  the  pipe  when  it  was  being  placed  in 
its  final  position. 
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DRAINAGE 

—  FOR  THE  — 

Wm.  W.  Backus  Hospital  and  Grounds. 

By  CHARLES  E.  CHANDLER,  City  Surveyor, 
Norwich,  Conn. 


The  Backus  Hospital,  in  Norwich,  Conn.,  has  an  adminis- 
tration building  about  50x70  feet,  three  stories  high;  two 
general  ward  buildings,  each  about  40x80  feet,  two  stories 
high;  an  isolating  ward  building,  about  35x50  feet,  one  story 
high;  a  building  for  the  home  of  the  nurses,  about  40x70 
feet,  two  stories  high;  and  a  kitchen  and  service  building, 
about  40x50  feet,  two  stories  high,  with  boiler  and  fan-room 
attached,  30x60  feet,  one  story  high. 

The  buildings  are  separate,  having  a  clear  space  of  about 
fifty  feet  between  them,  but  are  all  connected  by  corridors 
about  ten  feet  wide.  They  occupy  a  space  of  about  200x400 
feet.  The  main  floors  of  the  principal  buildings  and  corri- 
dors are  at  the  same  level  and  six  feet  above  the  level  of  the 
ground  around  them.  Both  corridors  and  buildings  have 
basements  about  eight  feet  high  in  the  clear. 

The  site  includes  about  twenty-one  acres  of  land,  fronting 
on  North  Washington  and  Lafayette  streets,  and  having  the 
Yantic  river  for  its  westerly  boundary.  The  central  portion 
of  the  grounds,  about  five  acres  in  area,  on  which  the  hospital 
buildings  are  located,  is  a  plateau  about  thirty  feet  above  the 
svirrounding  ground,  except  for  a  short  distance  on  one  side, 
where  it  joins  a  larger  plateau  of  the  same  level,  being  a  sort 
of  peninsula  topographically. 

A  small  brook  with  two  branches  ran  through  the  rather 
low  ground  in  front  of  the  hospital  buildings,  causing  it  to  be 
rather  wet  during  portions  of  the  year.  On  the  southerly 
border  of  the  grounds  there  was  also  a  pond-hole  with  no  sur- 
face outlet.  It  never  overflowed  and  was  never  wholly  dry. 
It  received  the  surface  drainage  from  about  five  acres  of 
land. 
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It  was  thought  best  to  fill  or  drain  off  the  pond-hole,  and  to 
under-drain  the  meadow  or  low  ground.  In  the  drainage 
plans  adopted,  there  are  three  independent  systems  of  pipes, 
one  to  carry  off  the  sewage,  another  the  roof  and  surface 
water,  and  the  third*  the  meadow  water  or  under-drainage. 
The  first  two  systems  were  kept  separate  principally  for  san- 
itary reasons,  and  the  last  two  for  economical  reasons. 

SEWAGE. 

The  sewage  is  brought  through  the  outer  walls  of  the 
various  buildings  by  untrapped,  four-inch,  extra  heavy  cast- 
iron  soil  pipe.  A  Van  Vranken  flush  tank  was  placed  near 
the  upper  end  of  each  of  the  three  principal  branches  of  the 
sewer  drain.  The  sewage  is  discharged  directly  into  the 
Yantic  river,  through  i,6oo  feet  of  five-inch  and  six-inch 
Akron  pipe,  and  220  feet  of  six-inch,  heavy  cast-iron  water 
pipe.  The  latter  forms  the  outlet  for  the  sewer,  terminating 
near  the  center  of  the  river,  where  there  is  always  a  sw4ft 
current.  The  average  flow  of  the  river,  except  in  times  of 
drouth,  is  about  8,000  cubic  feet  of  water  per  minute. 

The  drainage  of  two  buildings  flows  through  one  five-inch 
pipe,  and  that  of  all  the  buildings  through  a  single  six-inch 
pipe.  The  minimum  grade  adopted  was  one  in  fifty,  except 
in  the  iron  outlet  pipe,  where  it  was  one  in  eighty,  preceded 
by  one  in  twelve  for  a  short  distance.  Hand-holes  were 
placed  at  the  principal  intersections,  and  man-holes  at  all 
changes  of  grade  or  line  in  the  main  pipe.  A  hand-hole 
within  the  man -hole  was  placed  in  the  iron  pipe  at  about  the 
ordinary  level  of  water  in  the  river,  for  the  removal  of  float- 
ing matter,  if  found  necessary. 

The  joints  in  the  iron  pipe  were  made  tight  with  lead,  and 
in  the  Akron  pipe  with  Portland  cement,  a  disk  with  rubber 
edges  having  been  drawn  through  the  latter  after  the  joints 
were  filled.  The  alignment  was  arranged  with  a  view  to  the 
most  favorable  conditions,  considering  both  length  of  sewer 
and  depth  of  trenches.  All  changes  in  direction  were  made 
with  eighth  bends,  and  all  junctions  with  Y  branches.  There 
are  no  traps  in  any  of  the  drains. 

ROOF  AND  SURFACE  WATER. 

Although  the  roof  and  surface  water  drains  were  separate 
from  the  sewers,  both  were,  wherever  practicable,  laid  in  the 
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same  trenches  about  fifteen  inches  apart,  the  roof  and  surface 
water  pipes  being  about  nine  inches  higher  than  the  sewer 
pipes.  These  drains  convey  away  the  water  from  forty  roof- 
water  conductors  and  four  catch-basins.  The  conductors 
enter  vertical,  four-inch  cast-iron  soil  pipes,  leading  into 
drains  of  Akron  tile,  from  four  to  ten  inches  in  diameter,  the 
aggregate  length  of  the  same  being  2,600  feet.  These  drains 
are  laid  in  the  same  manner  as  the  sewer,  except  that  the 
minimum  grade  is  one  in  100. 

The  main  sewer  and  roof-water  drains  are  in  the  same 
trench,  the  former  being  open  through  the  man-holes,  and 
the  latter  closed,  but  having  a  hand-hole  within  each  man- 
hole. 

The  catch-basins  are  untrapped,  and  are  about  three  and 
one-half  feet  in  diameter  and  about  six  feet  deep,  covered 
with  Clapp  grates  set  on  special  cast-iron  heads. 

POND-HOLE    AND    MEADOW    DRAINAGE. 

The  location  of  the  pond-hole  was  such  that,  to  drain  it  into 
the  river  at  the  nearest  point,  would  have  required  a  cut 
of  forty  feet.  To  drain  it  through  the  lowest  ground  would 
have  required  2,200  feet  of  trench  and  pipe  and  a  maximum 
cut  of  twenty  feet.  In  either  case  the  fall  in  the  pipe  would 
be  only  about  one  foot. 

The  expense  of  filling  the  pond-hole  and  basin  around  it 
to  such  a  height  that  the  surface  would  drain  naturally, 
would  have  been  impracticable.  The  better  policy  seemed 
to  be  to  fill  the  depression  to  some  extent,  and  then  lay  a 
drain  if  necessary.  It  was  decided  to  fill  the  pond-hole  and 
adjacent  ground  to  a  height  somewhat  above  the  apparent 
and  reputed  highest  water  level,  leaving  the  drain  to  be 
laid  afterwards,  if  required,  but  hoping  it  may  never  be 
needed.  A  well  of  dry-laid  stone,  five  feet  in  diameter  and 
eight  feet  deep,  covered  with  a  Clapp  grate,  was  constructed, 
with  a  view  to  giving  the  surface  water  free  access  to  porous 
material  underneath  when  the  surface  of  the  ground  is 
frozen.  This  will  be  used  as  a  catch-basin  at  the  upper 
end  of  the  drain  from  the  site  of  the  pond-hole,  if  the  same 
ever  becomes  necessary.  It  is  hoped  that  no  water  will 
remain  on  the  surface  of  this  filling,  except  occasionally  at 
short  intervals  during  the  winter. 
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An  eigh teen-inch  Akron  pipe,  1,300  feet  long,  was  laid  from 
the  river  through  the  meadow  land,  to  be  extended  900  feet 
further  to  the  former  pond-hole  if  hereafter  found  necessary. 
On  this  line  of  pipe  are  five  man-holes.  There  are  four 
catch-basins  to  take  the  surface  water  and  the  ordinary  dis- 
charge from  the  brooks.  As  the  latter  receive  the  surface 
drainage  of  a  large  area,  their  present  channels  will  be  de- 
pended upon  to  take  the  excess  of  storm  water,  the  pipe  being 
intended  to  carry  only  the  ordinary  flow,  and  prevent  the 
possibility  of  accumulations  of  filth  or  stagnant  water. 

The  pipe  was  laid  about  eight  feet  below  the  surface  of  the 
ground,  and  hubs  or  branches  were  put  in  for  agricultural 
tile  drains,  if  they  should  become  necessary  to  more  thor- 
oughly drain  the  meadow.  The  joints  in  the  eighteen-inch 
pipe  were  loosely  filled  with  oakum.  The  grade  of  the  same 
is  one  in  250.  Seventy-two  feet  of  eighteen-inch  cast-iron 
water  pipe  was  laid  next  the  outlet. 

The  total  cost  of  these  three  systems  of  drainage  and  the 
appurtenances  of  the  same,  laid  and  to  be  laid  this  season, 
will  be  about  $4,000.  The  extension  of  the  eighteen-inch 
drain  to  the  place  of  the  pond-hole,  and  agricultural  drains,  if 
they  are  found  necessary,  will  add  from  $1,500  to  $2,000  to 
the  cost  as  above  stated. 

Messrs.  Gardner,  Pyne  and  Gardner  are  the  architects  of 
these  buildings,  the  writer  of  this  paper  having  been  em- 
ployed as  engineer  in  connection  with  the  work  herein  de- 
scribed. 
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A  Highway  as  It  Is, 

And  How  It  Might  Have  Been  More  Advantageously  Laid  Out. 
By  W.  H.  BURNETT,  Norwich,  Conn. 


Situated  near  the  center  of  one  of  the  thriving  towns  of 
New  London  County  is  a  village,  the  nearest  railroad  station 
to  which  is  about  three  miles  distant,  over  a  very  hilly  road. 
Not  only  are  the  grades  on  several  portions  of  this  old  road 
excessively  steep,  but  the  road  is  also  quite  crooked  in  its 
alignment.  In  several  instances  the  grades  for  short  dis- 
tances were  found  to  be  as  steep  as  twelve  in  one  hundred, 
and,  in  one  instance,  over  thirteen  in  one  hundred.  The  road 
is  also  quite  sandy  for  much  of  the  distance.  The  total  ver- 
tical rise  in  going  from  the  railroad  station  to  the  village  over 
this  old  road  is  about  329  feet,  and  in  returning  to  the  station 
about  274  feet,  making  a  total  vertical  rise  in  the  round  trip 
over  this  old  road  of  603  feet.  The  actual  difference  of  level 
between  the  terminal  points  of  this  road  is  only  fifty-five  feet. 
All  the  travel  and  traffic  between  this  village  and  the  railroad 
station  has  to  go  over  this  road,  or  else  over  other  roads,  the 
distance  by  which  is  about  two  miles  longer.  Still  farther 
beyond  this  village  from  the  same  railroad  station,  are  two 
other  villages,  one  having  one  large  mill  or  factory,  and  the 
other  four.  The  railroad  freight  and  travel  from  both  these 
last  mentioned  villages  must  also  go  over  the  old  hilly  and 
sandy  road,  or  over  the  other  roads,  by  way  of  which  the  dis- 
tance is  two  miles  longer. 

There  seems  to  have  been  no  very  good  reason  for  laying 
out  the  present  highway  over  such  a  difficult  and  objection- 
able route,  as  it  passes  through  no  oth^r  intermediate  village, 
and  as  there  are  only  a  few  farm  houses  located  upon  it.  A 
very  much  more  favorable  layout,  as  to  grade,  alignment,  and 
distance  was  possible,  which  might  have  been  obviously  appa- 
rent, had  the  same  objects  been  sought  as  are  now  considered 
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of  the  first  importance  in  laying  out  a  new  highway.  A 
survey  recently  made  shows  that  a  new  road  could  be  laid 
out  between  the  terminal  points  of  the  present  road  on  much 
more  nearly  a  direct  line  than  the  present  road,  with  an 
average  grade  for  the  greater  part  of  the  distance  not  steeper 
than  two  and  one-half  feet  in  one  hundred — a  very  easy  grade 
for  such  a  road,  and  with  no  grades  necessarily  steeper  than 
six  in  one  hundred.  Besides  admitting  of  much  easier  grades, 
the  total  vertical  rise  for  the  round  trip,  between  the  village 
and  the  railroad  station  via  the  proposed  route,  would  be 
only  about  one-half  as  great  as  by  the  present  hilly  road. 

For  the  greater  part  of  the  distance  the  proposed  new  lay- 
out is  over  excellent  ground  for  making  the  road,  there  being 
but  little  of  swampy  land,  or  of  rock  to  be  removed. 


Question, — When  was  the  present  highway  laid  out  ? 

Mr.  Burnett. — I  don't  know.  It  has  probably  been  in  use 
a  long  time.  The  forefathers  seem  to  have  laid  out  their 
roads  over  the  hills,  without  any  apparently  good  reason  for 
so  doing.  They  seemed  to  have  failed  to  realize  that  it  is 
often  no  farther  around  a  hill  on  an  easy  grade,  than  over  its 
summit. 

Mr.  Wadsworth. — An  old  gentleman  once  told  me  the 
early  settlers  preferred  to  go  over  the  hills,  that  they  might 
have  a  better  chance  to  see  hostile  Indians,  when  they 
approached.  The  older  roads  were  ver>'  likely  at  the  out- 
set Indian  trails,  which  were  afterwards  broadened  for  bridle 
paths  by  the  first  settlers,  and  which  later  became  highways 
for  the  use  of  carts  and  more  modem  vehicles. 

Mr.  Chandler. — Lack  of  competent  surveyors  and  of  suit- 
able instruments,  as  well  as  of  money  to  spend  in  proper 
surveys  for  determining  the  most  advantageous  layout  for  a 
highway,  may  explain  some  of  these  mistakes  now  so  appa- 
rent to  us.  Lands  were  subdivided  and  roads  laid  out  with 
little  regard  for  topography. 

Mr.  Cairns. — Is  not  this  discussion  very  closely  related  to 
a  matter  somewhat  prominently  before  the  people  of  this 
State  at  the  present  time  ?     I  should  like  to  ask  Mr.  McKenzie 
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what  Steps  are  likely  to  be  taken  toward  the  improvement  of 
country  roads  throughout  the  State. 

Mr.  McKenzie. — The  matter  of  the  proposed  improvement 
of  countrj'  roads  comes  very  properly  into  the  discussion  of 
this  paper.  At  a  meeting  of  the  State  Board  of  Trade  about 
a  year  ago,  a  Committee  was  appointed  to  formulate  a  bill  to 
be  brought  before  the  next  General  Assembly  for  the  im- 
provement of  the  more  important  roads  of  the  State,  between 
towns  and  cities.  More  recently.  Committees  have  been  ap- 
pointed by  the  State  Board  of  Agriculture,  and  the  State 
Wheelmen's  Association,  to  act  in  co-operation  with  the  Com- 
mittee of  the  State  Board  of  Trade  in  perfecting  such  a  bill 
and  in  advocating  the  passage  of  the  same  before  the  Legis- 
lative Committee  to  whom  it  may  be  referred.  It  will  be  the 
purpose  of  the  prop>osed  bill  to  secure  the  improvement  of 
the  layout  and  grades  of  such  roads  as  come  within  its  pro- 
visions, and  also  the  construction  of  continuous  McAdam 
or  Telford  broken  stone  roadways.  I  am  sure  our  Association 
would  favor  such  proposed  improvements.  I  therefore  move 
that  a  Committee  be  appointed,  consisting  of  the  President 
and  two  other  members  to  be  appointed  by  the  chair,  to  act 
in  co-operation  with  the  aforesaid  Committees  as  just  stated. 

The  motion  was  seconded  by  Mr.  Phipps. 

Mr.  Wadsworth. — Farmington  has  commenced  to  take  an 
interest  in  the  improvement  of  its  highways.  The  town  has 
already  purchased  a  stone  crusher.  The  country  towns  seem 
to  be  ready  to  make  and  maintain  good  roads  as  far  as  cir- 
cumstances will  allow.  It  is  proposed  now  to  get  the  State 
to  assume  the  cost,  control,  and  oversight  of  grading  and 
macadamizing  the  roads  between  important  centers.  I  think 
we  ought  to  go  on  record  as  favoring  such  improvements. 

Mr.  Loom  is. — It  seems  to  me  that  this  proposed  bill  might 
work  injustice  to  the  inhabitants  of  those  towns  that  have 
already  expended  large  amounts  in  the  improvement  of  the 
more  important  roads  within  their  own  limits,  by  laying  the 
further  burden  on  them  of  their  proportionate  share  of  the 
cost  of  such  roads  in  other  towns  where  no  such  expenditures 
have  been  made. 

Mr.  McKenzie. — It  will  be  found  impossible  to  secure  such 
continuous  and   extensive   improvements  as  are   desirable 
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town-wise,  owing  to  the  difficulty  of  securing  co-operation 
between  adjoining  towns  in  carrying  out  any  thorough  system 
and  plan.  The  intent  of  the  proposed  bill  is  to  classify  the 
roads  of  the  State,  and  to  provide  that  only  the  improvement 
of  the  more  important  roads  shall  be  assumed  by  the  State. 
I  think  the  time  has  come  for  this  Association  to  take  a  lead- 
ing part  in  the  matter,  not  from  selfish  motives,  but  for  the 
welfare  and  prosperity  of  the  people  and  industries  of  the 
State.  If  such  improvements  are  to  be  made,  the  services  of 
engineers  in  the  planning  and  supervision  of  the  same  will,  of 
course,  be  required. 

Mr.  Olmstead. — Running  through  the  town  of  East  Hart- 
ford, there  are  three  main  thoroughfares  leading  to  the  city 
of  Hartford.  It  would  cost  at  least  $3,000  per  mile  to  mac- 
adamize these  roads.  The  town  has  already  macadamized 
three  miles  of  such  road.  These  roads  are  used  largely  by 
the  people  of  the  towns  farther  away  from  the  city.  The 
State  ought  to  control  and  maintain  these  main  arteries  of 
travel. 

Mr.  Bunce. — There  is  a  two-fold  object  in  view  in  the  pro- 
posed bill — first,  the  improvement  of  the  main  roads  state- 
wise;  and,  secondly,  by  so  doing,  give  an  incentive  to  the 
people  of  the  towns  to  carry  out  similar  improvements  town- 
wise  on  other  roads  of  less  importance.  What  the  State 
might  do  in  this  way  in  any  town  or  vicinity  would  be  an 
inducement  for  local  effort  to  make  the  more  important  of 
the  other  town  roads  of  equal  excellence. 

Mr.  Wadsworth. — It  seems  to  be  considered  a  new  thing — 
that  a  state  should  make  and  maintain  any  of  its  roads.  But  in 
other  states,  south  and  west  of  us,  it  has  already  become  an 
established  custom.  In  other  states  I  have  seen  country'  roads 
thoroughly  macadamized  throughout.  It  is  a  disgrace  that 
the  people  of  Connecticut  have  been  content  for  two  hundred 
years  to  travel  through  mud  and  sand.  Until  quite  recently, 
the  main  road  between  Hartford  and  Farmington  has  been 
almost  impassable  for  two  or  three  weeks  every  spring,  and 
in  bad  condition  frequently  at  other  seasons.  This  is  so  with 
country  roads  throughout  the  State.  This  proposed  action  is 
timely.  It  is  a  fair  policy  for  the  State  to  pursue.  A  town^ 
however  progressive,  can  carry  such  improvements  no  farther 
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than  the  dividing  line  between  it  and  the  next  town.  Hence 
the  State  should  step '  in  and  assume  the  construction  and 
control  of  main  thoroughfares  of  travel. 

Mr.  Fen  ton. — I  am  glad  to  have  this  question  agitated. 
In  most  European  countries,  all  main  roads  are  thoroughly 
macadamized,  and  men  are  constantly  employed  to  keep 
them  in  good  order,  as  is  done  on  our  railways.  The  roads 
are  also  kept  clean  and  thoroughly  drained.  One  horse  will 
draw  nearly  as  much  of  a  load  on  those  roads  as  four  on  our 
roads.  I  regard  drainage  as  very  essential  to  a  thoroughly 
good  road. 

Mr.  La  Forge. — It  seems  to  me  a  serious  question  whether 
we,  as  an  Association,  should  take  an  active  interest  in  this 
proposed  legislation.  What  would  be  the  probable  influence 
if  the  Association  should  take  an  active  part  in  pushing  a 
scheme  under  which  some  of  its  members  will  be  likely  to 
have  the  handling  of  some  of  the  funds  to  be  expended,  and 
to  receive  a  portion  of  the  same  for  personal  services  ?  I 
doubt  whether  such  a  Committee  would  have  any  great  influ- 
ence on  this  account. 

Mr.  McKenzie. — There  is  a  desire  on  the  part  of  the  Com- 
mittee and  members  of  the  State  Board  of  Trade  that  there 
should  be  harmony  of  opinion  and  action  before  any  bill  is 
presented  on  the  part  of  all  those  who  are  interested  in  pro- 
moting these  improvements  as  proposed. 

Mr.  Bunce. — I  can  hardly  endorse  the  objection  stated  by 
Mr.  La  Forge.  It  seems  to  me  quite  desirable  that  as  many 
organizations  as  possible  should  be  on  record  as  in  favor  of 
such  improvements,  and  of  some  such  means  of  securing  them. 
A  great  amount  of  force  and  energy  will  be  needed  to  secure 
the  enactment  of  any  effective  legislation  in  this  direction. 
I  think  we  should  not  be  too  modest  in  expressing  our  sym- 
pathy with  such  an  effort,  or  in  co-operating  with  these  other 
Committees  as  proposed.  If  any  of  us  should  hereafter  have 
some  part  in  carrying  out  these  proposed  improvements,  it 
will  not  be  because  we  aided  in  securing  the  necessary  legis- 
lation, but  because  the  public  recognize  that  our  services  are 
necessary  to  the  successful  accomplishment  of  these  desired 
improvements. 
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Mr.  La  Forge. — The  point  I  raise  is  whether  it  is  advisable 
for  us,  as  an  organization,  to  take  an  active  part  in  furthering- 
such  a  project.  As  citizens,  of  course  we  have  an  interest  in 
all  such  public  improvements.  Professionally  we  should  be 
interested,  and  should  make  our  influence  felt  in  the  right 
direction  in  some  way,  in  this  matter,  as  in  all  others  for  the 
public  good. 

The  Chair. — By  the  appointment  of  such  a  Committee  our 
Association  may  perhaps  aid  in  reaching  wise  conclusions  as 
to  proposed  legislation. 

Mr.  Phipps. — I  am  a  member  of  the  State  Board  of  Trade. 
Others  of  our  members  may  belong  to  that  organization  or 
one  of  the  others  already  interested  in  this  matter.  I  see  no 
good  reason  why  this  Association  should  not  appoint  such  a 
Committee. 

Mr.  Chandler. — I  hope  the  Committee  will  be  appointed. 

The  question  was  then  voted  upon  and  decided  in  favor  of 
appointing  such  a  Committee. 
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Edward  N.  Phelps, Jan.  13.  1891. 

Civil  Engrineer,  Windsor,  Conn. 

Stephen  C.  Pierson. Jan.  13,  1885. 

Civil  Engineer,  Meriden,  Conn. 

Edwin  N.  Pike, Aug.  19,  1890. 

Assistant  City  Engineer,  Meriden,  Conn. 
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Georgk  E.  Pitcher, j^n.  n.  1887. 

Civil  Enj^neer  and  Surveyor,  Norwich,  Conn. 

Daniel  Goffe  Phipps,  --.--...       April.  1884. 
New  Haven,  Conn. 

Edward  H.  Phipps, April,  1884. 

President  and  Engineer  Connecticut  Patent  Water  Pipe  Co., 
New  Haven,  Conn. 

Nathaniel  C.  Ray.       ........    j^n.  13,  1884. 

Assistant  Engineer  on  Union  Pacific  R.  R.,  Omaha,  Neb. 
Walter  H.  Richards,  .......       April.  1884. 

Engineer  Sewer  Department  and  Superintendent  Water  Works. 
New  London,  Conn. 

WiLUAM  B.  Rider,        -...-...  

Hydraulic  Engineer,  Norwalk,  Conn. 

Joseph  B.  Rider.  .        - Jan.  14.  1890. 

Civil  Engineer.  New  York  City. 

ARTHUR  W.  Rice, April,  1884. 

Civil  Engineer,  New  Britain,  Conn. 

Samuel  B.  Robbins,       ........  Nov.  17.  1888. 

Civil  Engineer.  Collinston.  Utoh. 

Ralph  J.  Sabin.     . April,  1884. 

Engineer  and  Surveyor,  Pomfret,  Conn. 

William  G.  Smith,        ........       April,  1884. 

Civil  Engineer,  Waterbury,  Conn. 

Albert  F.  Spencer April,  1884. 

Civil  Engineer  and  Surveyor,  Bridgeport,  Conn. 

L.  A.  Taylor,       .........        June.  1887. 

Civil  Engineer.  Worcester.  Mass. 

C.  H.  Truesdell June,  1887. 

Civil  Engineer,  Central  Village,  North  Grosvenordale,  Conn. 

Walter  Watson. .    Jan.  13,  1885. 

Civil  Engineer,  Pittsfield.  Mass. 

A.  R.  Wadsworth. Oct.  27,  1886. 

Civil  Engineer,  Farmington.  Conn. 

Nelson  J.  Welton, April.  1884. 

Civil  and  Hydraulic  Engineer,  Waterbury,  Conn. 

Joel  M.  Wheeler, june,  1887. 

Civil  Engineer,  Ansonia.  Conn. 

Frank  W.  Whitlock, April,  1885. 

Civil  Engineer,  Great  Barrington,  Mass. 

J.  K.  Wilkes, April,  1884. 

Civil  and  Saniury  Engineer,  New  Rocbelle,  N.  Y. 
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Constitution. 


ARTICLE  I. 
Section  i.     The  name  of  this  Association  shall  be  the  Connecticitt  Civil 
Engineers'  and  Surveyors*  Association. 

OBJECT. 

Sec.  2.  The  object  of  this  Association  shall  be  the  professional  improvement 
of  the  members,  the  encouragement  of  social  intercourse  among  men  of  prac- 
tical science,  and  the  advancement  of  engineering  in  its  several  branches;  to 
wit:  civil,  hydraulic,  mining,  sanitary,  and  mechanical;  the  reading  and  discus- 
sion of  papers  on  any  of  the  above  topics  relating  to  engineering  science,  and 
the  transaction  of  all  business  properly  belonging  to  said  Association. 

ARTICLE  XL 
officers  and  their  duties. 
Section  i.     The  officers  of  the  Association  shall  be  a  President,  two  Vice- 
Presidents,    Secretary,  Assistant  Secretary,   Treasurer;   Executive  Committee, 
consisting  of  five  members;  Committee  on  Membership,  consisting  of  three 
members. 

Sec.  2.  All  officers  shall  be  elected  annually,  on  the  second  Tuesday  of 
January,  and  shall  hold  their  respective  offices  until  the  final  adjournment  of 
the  meeting  at  which  others  are  elected  and  qualified  in  their  places. 

President^  Duties  of. 
Sec.  3.     The  President  shall  be  Chairman  of  all  Standing  Committees,  with 
no  power  to  vote  except  in  case  of  a  tie.     He  shall  preside  at  all  meetings  when 
present,  and  shall  appoint  all  Special  Committees  unless  otherwise  ordered  by  a 
vote  of  the  Association. 

Vice- President 
Sec.  4.    In  the  absence  or  inability  of  the  President  to  act,  the  Vice-President 
shall  perform  his  duties. 

Secretary. 
Sec.  5.     The  Secretary  shall  carefully  keep  all  records,  and  attend  to  all  the 
correspondence  of  the  Association,  and  transact  all  other  business  pertaining  to 
his  office. 

Treasurer, 

Sec.  6.  The  Treasurer  shall  keep  the  accounts,  receive  all  funds  of  the 
Association,  and  disburse  the  same  when  approved  by  the  Executive  Com- 
mittee,  and  render  such  statements  of  the  financial  condition  of  the  Association 
as  the  By-Laws  may  require. 
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Committee  on  Membership. 
Sec.  7.     The  Committee  on  Membership  shall  consist  of  three  members, 
whose  duties  shall  be  to  consider  all  propositions  for  membership,  to  inquire 
into  the  qualifications  and  desirability  thereof,  and  report  thereon  to  the  Asso- 
ciation. ^ 

ARTICLE  III. 

ELECTIONS. 
Election  of  Officers, 
Section  i.     The  election  of  officers  shall  be  by  ballot.     The  voting  for 
officers  shall  be  at  first  informal,  the  two  highest  candidates  being  subsequently 
voted  for. 

Election  of  New  Members, 
Sec.  2.     No  new  members  shall  be  voted  for  except  at  regular  meetings  of 
the  Association.     In  voting  for  members,  two  adverse  ballots  shall  exclude  any 
applicant.     A  rejected  candidate  shall  not  be  voted  for  again  within  the  next 
3rcar  unless  otherwise  ordered  by  a  unanimous  vote. 

Proxies, 
Sec.  3.     Any  active  member  may  vote  at  all   meetings  by  the  properly 
attested  proxy  held  by  some  active  member. 

ARTICLE  IV. 
regular  meetings. 
Section  i.  There  shall  be  a  regular  meeting  held  on  the  second  Tuesday  of 
January  each  year,  at  such  place  as  may  be  selected  by  the  Executive  Com- 
mittee, of  which  due  notice  shall  be  given;  and  at  such  other  times  and  places 
as  shall  be  agreed  upon  by  the  Association,  due  notice  to  be  given  by  the  Sec- 
retary  of  the  Association. 

SPECIAL  MEETINGS. 

Sec.  2.  Special  meetings  may  be  called  by  the  President  at  any  time;  and 
when  so  called,  notice  of  the  meeting,  specifying  the  business  thereof,  shall  be 
served  by  the  Secretary  upon  each  member  at  least  ten  days  before  such  meeting 
shall  be  holden.  Special  meetings  may  also  be  called  by  any  three  members 
who  shall  proceed  in  the  manner  above  laid  down,  and  shall  append  their  names 
to  the  call. 

Quorum. 

Sec.  3.  At  any  regular  or  special  meeting,  ten  members  shall  constitute  a 
quorum  for  the  transaction  of  business,  except  for  the  election  of  officers  and 
amending  of  Constitution  and  By-Laws,  when  the  number  shall  be  twenty  (20). 

ARTICLE  V. 

MEMBERSHIP. 

Section  i.  The  membership  of  this  Association  shall  consist  of  Active, 
Honorary,  and  Contributing  Members. 
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Active  Members. 
Sec.  2.     Active  Members  must  be  at  least  twenty-one  years  of  age,  and  have 
had  two  years*  actual  practice  in  engineering  or  surveying,  and  they  only  shall 
be  entitled  to  vote  or  transact  business  for  the  Association. 

Honorary  Members, 
Sec.  3.     Honorary  Members  may  be  as  many  as  the  Association  shall  elect, 
and  they  shall  have  the  right  to  attend  all  public  meetings,  and  to  enjoy  such 
other  privileges  as  the  Association  shall  see  fit  to  grant  them. 

Contributing  Members, 
Sec.  4.  Any  person  recommended  by  some  Active  Member  acquainted  with 
him,  and  by  the  Committee  on  Membership,  may  become  a  Contributing  Member 
on  the  payment  of  five  dollars  ($5)  per  annum,  and  shall  be  entitled  to  attend 
the  public  meetings  and  receive  the  publications  of  the  Association,  but  shall  not 
be  entitled  to  vote  or  hold  ofHce.  Contributing  Members  shall  be  entitled  to 
speak  in  the  meetings  whenever  so  voted  by  two-thirds  of  the  Active  Members 
present. 

Requirements. 

Sec.  5.  No  person  will  be  admitted  as  a  member  of  the  Association  unless 
said  person  has  had  two  years'  actual  practice  in  engineering  or  surve>'ing.  and 
is  twenty-one  years  of  age. 

ARTICLE  VI. 

DUES,  FINES,  DUTIES,  AND   PENALTIES. 

Dues. 
Section  i.     The  dues  of  Active  Members  shall  be  three  dollars  ($3)  per  year, 
payable  in  advance  yearly. 

Fines, 

Sec.  2.  Any  member  failing  to  pay  the  dues  for  one  year,  shall  be  considered 
to  have  resigned  from  the  Association,  and  shall  have  no  further  connection 
with  it  unless  otherwise  ordered  by  special  action  of  the  Association. 

Duties, 
Sec.  3.     The  Constitution,  and  all  amendments  thereto  legally  adopted  by 
the  Association,  shall  be  engrossed  in  a  book  specially  provided  for  that  purpose, 
and  all  who  are  now  or  may  become  members  shall   subscribe  their  names 
thereto,  and  pledge  themselves  to  a  faithful  observance  of  its  provisions. 

Penalties. 
Sec.  4.     For  the  violation  of  any  article  of  the  Constitution  or  the  amend- 
ments thereto,  a  member  shall  be  liable,  upon  a  majority  vote,  to  be  reprimanded 
or  suspended,  and,  upon  a  two-thirds'  vote  of  the  Association,  to  be  expelled. 

ARTICLE  VII. 
visitors. 
Section  i.     At  other  thaiua  meeting  for  the  election  of  officers  or  members* 
or  for  the  transaction  of  business,  visitors  may  be  admitted  at  all  the  meetings  of 
the  Association,  under  such  rules  as  the  Association  may  see  fit  to  impose. 
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By-Laws, 


ARTICLE  I. 

MEETINGS  OF  THE   ASSOCIATION. 

Section  i.  The  annual  and  business  meeting  of  the  Association  shall  be 
holden  on  the  second  Tuesday  of  January  each  year,  at  such  place  as  may  be 
decided  upon  by  the  Executive  Committee,  due  notice  thereof  being  given  by 
the  Secretary  at  least  ten  days  before  the  time  for  holding  such  meeting — for  the 
Election  of  Officers  for  the  ensuing  year,  Reports  of  the  Secretary,  Treasurer, 
Executive  Committee,  and  to  do  any  other  business  proper  to  be  done  at  said 
meeting. 

Skc.  2.  Regular  meetings  for  the  Reading  of  Papers,  and  the  discussion  of 
Scientific  Subjects,  pertaining  to  Engineering,  shall  be  holden  at  least  once  a 
year,  at  such  time  and  place  as  may  be  agreed  on  by  the  Association. 

Sec.  3.  Special  meetings  may  be  called  by  the  President,  and  shall  be  called 
at  the  request  of  five  members  in  writing. 

Sec.  4.  Notices  of  meetings  shall  be  issued  by  the  Secretary  ten  days  prior 
to  the  date  of  meeting,  by  mailing  the  same  to  the  address  of  each  member. 

Sec  5.  Notices  of  special  meetings  shall  conuin  a  statement  of  the  object 
for  which  the  meeting  is  called.  And  no  subject  not  stated  in  such  notice  shall 
be  decided  at  any  special  meeting. 

ARTICLE  II. 
annual  or  business  meetings. 
Section  i.     The  following  order  of  business  shall  be  observed  at  the  annual 
meeting: 

1.  Minutes  of  last  business  meeting  and  of  subsequent  special  meeting  read 

and  apyproved. 

2.  Report  of  Secretary. 

3.  Report  of  Treasurer. 

4.  Report  of  Executive  Committee.  ^ 

5.  Report  of  any  Special  Committee. 

6.  Election  of  New  Members. 

7.  Election  of  Officers. 

8.  -  Addreis  by  the  President.  • 

9.  Miscellaneous  Business. 

10.     Reading  and  Discussion  of  any  Papers. 
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REGULAR   MEETINGS. 

Sec.  2.  The  following  order  of  business  shall  be  observed  at  the  regular 
meetings: 

1.  Minutes  of  last  regular  meeting  and  of  subsequent  special  meeting  read 

and  approved. 

2.  Report  of  Secretary, 

3.  Report  of  Treasurer. 

4.  Report  of  Executive  Committee. 

5.  Report  of  any  Special  Committee. 

6.  Nomination  of  New  Members. 

7.  Election  of  New  Members. 

8.  Unfinished  Business. 

9.  New  Business. 

10.  Communications. 

11.  Report  of  Committee  on  Information,  and  discussion. 

13.     Miscellaneous  Announcements,  Papers,  Items,  Notes,  or  Communica- 
tions. 

ARTICLE  III. 

Section  i.  All  nominations  for  members  shall  be  referred  to  the  Committee 
on  Membership,  who  shall  report  at  the  same  meeting,  an  adverse  report  from 
whom  shall  indefinitely  postpone  its  consideration,  and  no  ballot  shall  be  taken 
on  a  nomination  until  a  report  thereon  is  made  from  the  Committee. 

Sec  2.  In  case  of  Honorary  Members,  a  unanimous  vote  is  requisite  to 
elect. 

Sec.  3.  Contributing  and  Honorary  Members  may  attend  all  meetings,  but 
shall  not  vote  nor  be  eligible  to  office. 

ARTICLE  IV. 

DEPRIVATION   OF  MEMBERSHIP. 

Section  i.  If  any  member  shall  be  one  year  in  arrears  for  dues  to  the 
Association,  and  shall  neglect  or  refuse  to  pay  the  same  within  thirty  days  after 
notification  from  the  Treasurer,  his  name  shall  be  stricken  from  the  Roll  of 
Members. 

Sec.  2.  Resignations  may  be  submitted  in  writing  at  a  business  meeting. 
But  no  resignation  shall  be  accepted  until  all  dues  and  other  indebtedness  to  the 
Association  shall  have  been  discharged. 

Sec.  3.  A  member  may  be  expelled  for  cause  deemed  sufficient  by  the 
Association,  by  a  two-thirds'  vote  of  the  members  present  at  a  business  or  special 
meeting,  provided  such  member  shall  have  had  at  least  two  months*  notice  of 
the  charges  preferred  against  him,  and  of  the  -time  for  their  consideration. 

ARTICLE  V. 
Section  i.     The  Executive  Committee  shall  be  composed  of  five  members  of 
the  Association,  annually  elected  by  said  Association.     They  shall  have  the 
general  management  of  the  affairs  of  the  Association,  and  shall  hold  meetings 
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at  such  times  as  they  may  fix,  and  shall  report  their  transactions  at  each  business 
meeting  of  the  Association.  They  shall  have  power  to  fill  all  vacancies  in  their 
own  nnmber,  or  among  the  officers. 

ARTICLE  VI. 
Section  i.     The  Association  may  at  any  meeting  duly  named  for  the  |)ur- 
pose,  enact  By-Laws  for  the  future  guidance,  consonant  with  the  Constitution^ 
which   By-Laws  may  be  amended  or  repealed  at  any  meeting,  notice  thereof 
having  been  previously  given. 

ARTICLE   Vn. 

AMENDMENTS. 

Section  i.  Amendments  to  the  Constitution,  or  additions  thereto,  may  be 
made  at  any  regular  meeting,  on  assent  of  three-fourths  of  the  members  present 
or  represented  by  proxies,  provided  that  written  notice  of  said  change  shall  have 
been  read  and  filed  with  the  Secretary  at  some  preceding  regular  meeting,  and  a 
copy  of  the  same  posted  in  some  conspicuous  place  in  the  room  where  such 
meeting  is  held,  and  mailed  to  eac6  of  the  members  of  said  Association  at  least 
ten  days  before  such  meeting. 


-Elsta."bl±sla.ecL  1845.- 


W.    &    L.    E.    GURLBY, 

TROY,   N.  Y., 

LARGEST  MANUFACTURERS  IN  AMERICA  OP 

Civil  Engineers'  and  Surveyors'  Instruments. 


Latest  (January,  1893.)  Illustrated  Price  List  Mailed 

on  application. 

t^Look  for  our  Exhibit  at  the  World's  Columbian  Exposition,  in  the 
North  Gallery  of  the  Manufactures  and  Liberal  Arts  Building. 


**A  great  newspaper,  having  the  confi- 
dence of  a  large  constituency,  is  made 
in  only  one  way.     IT  GROWS." 


The  following  figures  show  the  growth  in  pages 
and  price  of  Engineering  News: 


1874 
1876 
1885 
1891 
1892 


Reading. 
160 

Advertising. 
8 

Advertising 
accounts 

open  end  of 
each  year. 

4 

Subscrip- 
tion. 

$2.00 

357 
832 

143 
832 

34 
169 

2.12 
5.00 

1,254 

1,872 

390 

5.00 

1,292 

1,920 

441 

5.00 

**  There  is  no  forcing  process  for  building  up  a  cir- 
culation that  can  be  permanently  depended  upon. 
All  temporary  expedients  based  on  this  principle  are, 
sooner  or  later,  apt  to  react  at  a  loss.  The  first  and 
paramount  thing  is  to  print  a  steadily  progressive  and 
reliable  journal  of  such  merit  that,  being  once  seen 
and  read,  it  will  create  a  demand  for  the  next  number." 

The  subscription  list  of  Engineering  News,  both 
for  home  and  abroad,  is  growing  more  rapidly  now 
than  ever  before  in  its  history.  It  is  recognized  as 
the  leading  Engineering  journal  of  the  world. 


— THE — 

Massachusetts 
Institute  of  Technology, 

BOSTON,  MASS. 


Courses  in  Civil,  Sanitary,  Mechanical, 

Electrical,  Mining,  and  Chemical 

Engineering ; 


ALSO  IN 


Architecture,  Chemistry,  Physics,    Biology, 
Geology  and  General  Studies. 

The  Course  in  Civil  and  Sanitary  Engineering  gives 
special  attention  to  matters  of  Municipal  Engineering, 
Sewerage  and  Water  Supply,  Chemical  and  Biological 
Examination  of  Water,  Water  Purification  and  Sewage 
Disposal,  Theory  of  Structures,  Hydraulics,  Heating 
and  Ventilation,  Railroad  and  Highway  Engineering, 
etc.,  etc. 

Special  facilities  are  afforded  for  work  in  Hydraulics, 
both  in  the  laboratory  and  in  the  field. 

FOR  CATALOGUE  AND  INFORMATION,  ADDRESS  THE  SECRETARY. 
Francis  A.  Walker,  LL.  D.,    H.  W.  Tyler,  Ph.  D., 

President.  Secretary. 


Established   1866. 


Warren  Foundry  and  Machine  Co. 

Works  at  Phillipsburg,  N.  J. 
SALES  OFFICE,  i6o  BROADWAY,  N.  Y. 


0-A.ST-IIiOIT   -\?7--A.TEJIi   ana.   Gh.A.S 
FROM  3  TO  48  INCHES  DIAMETER. 

— ALSO^ 

All  Sizes  of  Flanged  Pipe, 

— AND — 

SPECIAL  CASTINGS. 

Established   1820. 


YOUNG  &  SONS, 


MANUFACTURERS  OF 


EngineePing,  /T\iqiDg  &Dd  ^aPVejing  In^tPament^, 

No.  43  North  Seventh  Street, 
PHILADKLPHIA.    F>A, 

Business  Established  1865.   Incorporated  1892. 

Edward  H.  Phipi^,  Pres.  and  Treas.  Gko.  O.  Richards,  Sec'y* 

W.  H.  Childs,  Vice-Pres.  Charlks  Ward,  General  Manager. 

The  Connecticut  Pipe  Manufacturing  Co.,     • 

Engineers  and  Contractors  for 

Water  HiJh  MMvmM  Ictric  Vires. 

The  Phipps  Patent  Uodergrouad  Pipes  a  Specialty. 

Address  all  Correspondence,  New  Haven,  Conn.    Office  and  Works,  West  Haven,  Conn. 


AND  IN  EVERYWAY  SUPERIOR  TO  SCOTCH,  CEMENT,  OR  OLAZBI  FIFE 


gi^8ffl' 


me^ 


'\' 


VITRIFIED  SEWER  PIPE 

ros  Ei:^  BT  TEj  miTTB'a  hiw  &'3Uim  mist, 

,H.  A.  WAUNEH,  ITew  Haven,  Conn. 

I^^CircnlaTP,  Timie and Bamplrft.  furalpbcd  to epplicants,,^:! 


^» 


.1 


^» 


BE  SURE  AND  GET  MY  PRICES  WHEN  READY  TO  PUCE  ORDERS. 

Large  Discounts  to  Dealers  Officials  &  Contractors. 

BUFF    &    BERQER, 

IMPROVED 

Engineering  and  Surveying  Instruments, 

No.  9  Province  Court,  Boston,  Mass. 


They  aim  to  secure  in  their  Instruments:  Accuracy  of  division;  Simplicity  in 
manipulation;  Lightness  combined  with  strength;  A cromatic  telescope^  with  high 
power;  Steadiness  of  Adjustments  under  varying  temperatures;  Stiffness  t^ 
avoid  any  tremor^  even  in  a  strong  zvind,  and  thorough  tvorkmanship  in  everr 
part. 

Their  instruments  are  in  general  use  by  the  U.  S.  Government  Engineers^ 
Geologists,  and  Surveyors,  and  the  range  of  instruments,  as  made  by  them  for 
River,  Harbor,  City,  Bridge,  Tunnel,  Railroad  and  Mining  Engineering,  as 
well  as  those  made  for  Triangulation  or  Topographical  Work  and  Land  Sur- 
veying, etc. ,  is  larger  than  that  of  any  other  firm  in  the  country. 

Illustrated  Manual  and  Catalogue  sent  on  Application. 


THE  WELLS  LIGHT, 

Specially  for  use  on  Night- work, 

MANUFACTURED  AND  SOLD  BY 

WILLIAM   HALPIN, 

Successor  to  Keegan  &  Halpin, 


46  Washington  Street,  New  York  City. 

A  paper  on  the  uses  and  advantages  of  this  light  is  printed 
on  pages  30-32  of  this  Report. 


The  Berlin  Iron  Bridge  Company 


Chas.  M.  Jarvis, 

Prea't  and  Chief  Eng'r. 
F.  L.  Wilcox,  Treasurer. 


Burr  K.  Field, 

Vice-Pres't. 
Geo.  H.  Saoe,  Secretary. 


No.  42. 

The  above  illustration,  taken  direct  from  a  photograph,  shows  a  bridge 
designed  and  built  by  us  at  Torrington,  Conn.,  on  the  New  York,  New 
Haven  and  Hartford  Railroad. 

Write  for  our  Illustrated  Catalogue. 


No.  43. 
The  above  illustration,  taken  direct  from  a  photograph,  shows  the  am- 
struction  of  a  Parabolic  Truss  Bridge,  designed  and  built  by  us  for  the 
city  of  Bingham  ton,  N.  Y.  The  bridge  consists  of  three  spans  of  165  feet 
each,  with  a  roadway  24  feet  wide  in  the  clear,  and  two  sidewalks  each  6 
feet  wide  in  the  clear. 

Office  and  Works,  East  Berlin,  Conn. 
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Hartford,  Conn.,  Jan.  9th,  1894. 


MIDDLETOWN,  CONN.: 

PELTON  ft  KING,  PRINTERS  AND  BOOKBINDERS, 

1894. 


THE 
CONNECTICUT  ASSOCIATION 

— OF — 

Civil  Engineers  and  Surveyors. 

Organized  at  Bridgeport,  January  15,  1884- 


OFFICERS  FOR  THE  YEAR  1894, 

E.  P.  Augur,  Middletown, President. 

R  A.  Cairns,  Watcrbury,  .....       First  Vice-President. 

William  G.  Smith,  Watcrbury,  ....     Second  Vice-President. 

A.  R.  Wadsworth,  Farmington,       -         -         -  Secretary  and  Treasurer. 

EXECUTIVE  COMMITTEE. 

E.  P.  Augur, Middletown. 

C.  H.  BuNCE,     -        .        - .  Hartford. 

W.  B.  Palmer,  -.------.-  Bridgeport. 

F.  W.  La  Forge, Waterbury. 

R.  A.  Cairns, Waterbur)'. 


H.  W.  Ayres.  . 
W.  H.  Olmsted, 
W.  H.  Cadwell, 


COMMITTEE  ON  MEMBERSHIP. 


-  New  Britain. 
East  Hartford. 

-  New  Britain. 


PROCEEDINGS 

—  OF  THE  — 

Connecticut  Association 

—  OF  — 

Civil  Engineers  and  Surveyors, 

AT  ITS  SPRING  MEETING, 

Held  at  New  Britain,  May  31,  1893. 


In  response  to  a  very  cordial  invitation  from  the  Board  of 
Water  Commissioners  of  the  City  of  New  Britain  to  the 
Executive  Committee  and  members  of  the  Connecticut 
Association  of  Civil  Engineers  and  Surveyors  to  hold  a 
meeting  in  that  city,  and  to  visit  the  new  dam  recently  con- 
structed at  the  city  reservoir,  this  Association  held  its  spring 
meeting  at  New  Britain,  on  Wednesday,  May  31,  1893.  The 
morning  session  was  held  in  Odd  Fellows'  Hall.  The  meet- 
ing was  called  to  order  by  President  Augur  at  10:15  a.  m. 

It  was  the  intention  of  the  Mayor  of  the  city  and  the 
President  of  the  Board  of  Water  Commissioners  to  be  pres- 
ent and  address  a  few  words  of  welcome  to  the  members 
of  the  Association;  but,  on  account  of  the  unavoidable  ab- 
sence of  the  Mayor,  and  the  ill  health  of  the  President  of  the 
Board  of  Water  Commissioners,  Capt.  C.  H.  Beaton,  Clerk  of 
the  Board,  made  a  brief  address,  welcoming  the  members  of 
the  Association  to  the  city  and  assuring  them  that  every- 
thing possible  would  be  done  to  make  the  occasion  a  pleasant 
and  profitable  one. 

The  President  of  the  Association  responded  briefly,  thank- 
ing Capt.  Beaton  and  the  other  members  of  the  Board  of 
Water  Commissioners,  and  also  Mr.  Percy  M.  Blake,  the  Chief 
Engineer  of  the  new  works,  and  Mr.  R.  W.  Sherman,  the 
President  of  the  Troy  Public  Works  Co.,  for  the  very  cordial 
invitation  given,  and  for  providing  so  amply  foi*  the  comfort 
and  convenience  of  those  present  at  this  meeting,  including 
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the  facilities  for  visiting  and  inspecting  the  new  dam  and 
Other  improvements  at  the  city  reservoir.  Allusion  was 
made  to  the  beauty  of  the  city,  and  to  the  thrift  and  business 
enterprise  which  had  characterized  its  citizens  and  made  it 
one  of  the  foremost  cities  of  the  State  in  manufactures  and 
educational  institutions.  The  fact  was  also  noted  that  the 
city  had  shown  a  progressive  spirit  in  matters  of  public  im- 
provement. The  people  have  appreciated  the  importance 
and  value  of  skilled  professional  service  in  the  planning  and 
supervision  of  its  water  works,  sewers,  and  the  improvement 
of  its  streets.  It  was  further  stated  that  the  meeting  had 
been  anticipated  with  a  great  deal  of  pleasure  and  satisfac- 
tion by  the  officers  and  executive  committee,  and  the  hope 
wa-s  expressed  that  the  occasion  would  be  no  less  pleasant 
and  agreeable  to  the  gentlemen  through  whose  kindness  the 
arrangements  had  been  made,  and  whose  guests  the  mem- 
bers and  friends  of  the  Association  were  to  be  for  the  day. 
An  assurance  was  given  that  any  citizens  who  might  desire 
to  attend  the  meeting  and  listen  to  the  papers  and  discussions 
would  be  very  gladly  accorded  that  privilege.  The  reports 
of  the  Secretary  and  Treasurer  to  date  were  then  read  and 
approved. 

Applications  were  presented  from  Thomas  S.  Bishop  and 
William  H.  Cadwell,  of  New  Britain,  Conn.,  and  John  Thomp- 
son McKnight,  of  Ellington,  Conn.,  for  membership  in  the 
Association.  Only  one  member  of  the  regular  Commit- 
tee on  Membership  being  present,  Messrs.  C.  M.  Jarv^is 
and  C.  H.  Bunce  were  appointed  to  act  with  the  member  of 
that  committee  present  as  a  special  committee  to  consider 
and  report  on  these  applications.  A  favorable  report  was 
made  upon  all  of  the  applications,  and  the  gentlemen  named 
were  duly  elected  members  of  the  Association. 

A  paper  was  then  read  by  Mr.  Edgar  Clark,  of  Putnam, 
Conn.,  entitled  "  Some  Practical  Suggestions  as  to  Processes 
and  Methods  for  Duplicating  Drawings."  It  was  followed 
by  questions  and  suggestions  by  members  present. 

The  same  gentleman  also  exhibited  an  improved  Panta- 
graph  which  he  had  recently  designed  and  constructed. 
This  instrument  differs  in  its  construction  from  most  instru- 
ments of  the  kind,  in  that  the  original  and  the  copy  are  on 
opposite  sides  of  the  point  of  attachment  to  the  draughting 
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board  or  table,  and  also  in  that  it  is  adapted  to  copying  draw- 
ings upon  the  same  scale,  as  well  as  for  enlarging  or  reducing 
drawings.  The  principal  or  supporting  arms  of  the  instru- 
ment are  trussed,  both  horizontally  and  vertically,  so  that 
while  the  whole  instrument  is  very  light,  it  is  also  very  firm 
and  positive  in  its  motion.  The  instrument  and  its  operation 
were  of  no  slight  interest  to  those  present.  Mr.  Clark  has 
given  much  time  and  effort  to  the  development  of  this  inven- 
tion. It  is  hoped  that  his  efforts  in  this  direction  will  prove 
of  profit  to  himself,  as  well  as  of  service  to  the  members  of 
his  profession  and  others  who  have  occasion  to  use  such  an 
instrument. 

Mr.  George  H.  Frost,  of  the  Engineering  News,  being 
present,  was  then  introduced.  He  spoke  very  briefly,  ex- 
pressing his  pleasure  in  being  able  to  attend  this  meeting, 
which  seemed  likely  to  be  one  of  the  best  meetings  the 
organization  had  ever  held,  so  far  as  attendance  and  matters 
of  interest  and  attractiveness  were  concerned. 

Mr.  F.  P.  Stearns,  of  Boston,  Mass.,  Chief  Engineer  of  the 
Massachusetts  State  Board  of  Health,  then  read  a  paper  en- 
titled "  Sanitary  Progress  in  Massachusetts  in  Water  Supply 
and  Sewerage.**  This  paper,  as  well  as  others,  elicited  much 
interest  and  considerable  discussion. 

Dr.  T.  M.  Drown  then  made  a  brief  address  without  notes, 
on  ** Water  for  Domestic  Uses,**  which  is  printed  in  this 
Report  from  the  stenographer*s  notes. 

Mr.  Percy  M.  Blake,  of  Hyde  Park,  Mass.,  Chief  Engineer 
of  the  new  dam  and  other  improvements  of  the  New  Britain 
Water  Works,  then  read  a  paper  descriptive  of  the  same, 
which,  with  the  discussion  following  it,  will  appear  in  this 
Report. 

The  last  paper  was  read  by  Mr.  T.  H.  McKenzie,  of  South- 
ington,  one  of  the  State  Engineers  for  the  Inspection  of 
Dams,  to  whom  the  plans  for  the  dam  and  the  work  of  con- 
struction had  been  submitted.  He  commended  the  wisdom 
of  the  Board  of  Water  Commissioners  of  New  Britain  for  ad- 
hering to  the  gravity  supply  and  developing  to  the  greatest 
possible  extent  the  available  sources  of  supply  adjacent  to 
their  reservoir.  He  also  commended  the  engineers  who  had 
.so  wisely  planned  the  work,  and  so  carefully  looked  after  and 
directed  its  construction. 
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Upon  motion  of  Mr.  F.  W.  La  Forge,  of  Waterbury,  a  vote 
was  unanimously  passed,  thanking  the  Board  of  Water  Com- 
missioners of  New  Britain  for  their  kindness  in  inviting  the 
Association  to  hold  its  present  meeting  here;  also  Mr.  Percy 
M.  Blake,  Chief  Engineer  of  the  new  dam  and  other  improve- 
ments of  the  New  Britain  Water  Works'  reservoir,  for  his 
courteous  reception  and  for  the  very  interesting  paper  he 
has  contributed;  also  Mr.  F.  P.  Steams,  Chief  Engineer  of 
the  Massachusetts  State  Board  of  Health,  and  Dr.  T.  M. 
Drown,  Analyst  of  that  Board,  for  their  presence  at  our 
meeting  and  for  their  very  interesting  addresses;  also  Mr. 
R.  W.  Sherman,  President  of  the  Troy  Public  Works  Co.,  to 
whose  kindness  and  hospitality,  in  cooperation  with  the 
others  mentioned,  we  are  so  largely  indebted  for  this  pleas- 
ant and  enjoyable  occasion. 

The  Association  then  adjourned  to  the  Hotel  Russwin  for 
dinner. 

After  dinner  carriages  were  taken,  and  the  party  were 
driven  by  way  of  West  Main  street  and  the  extensive  pub- 
lic park  to  the  new  dam  and  reservoir,  where  the  utmost 
facilities  were  afforded  for  examining  the  dam,  the  canal 
entrances,  the  new  gatehouse,  the  pour-over,  etc.  Refresh- 
ments were  served,  after  which  the  party  returned  to  the 
city  to  take  trains  for  their  homes. 

The  Secretary  deems  it  proper  to  say  that  this  was  one  of 
the  most  profitable  and  interesting  meetings  which  the  Asso- 
ciation has  ever  held. 

A.  R.  WADSWORTH,  Secretary, 

Farmington,  Conn.,  July  ist,  1893. 


Note. — In  editing  and  condensing  the  stenographer's  report  of  the  discus- 
sions at  the  meeting  held  in  Meriden  last  August,  an  unintentional  omission 
was  made,  which  may  have  done  one  of  our  members  an  injustice.  After  Mr. 
Clark's  verbal  description  of  the  system  of  sewerage  adopted  for  the  city  of 
Meriden,  the  method  for  the  disposal  of  the  sewage  by  infiltration  and  broad 
irrigation  on  the  sandy  plains  below  the  city,  and  his  statement  that  the  work 
being  done  was  in  accordance  with  plans  made  by  Mr.  Carroll  Ph.  Bassett,  of 
New  Jersey,  Mr.  T.  H.  McKenzie,  of  Southington,  Conn.,  stated  that  the 
plan  adopted  was  substantially  the  one  submitted  by  himself  in  competition 
with  several  other  engineers,  and  which  was  adopted  and  paid  for  by  the  city. 
Mr.  McKenzie  then  distributed  to  the  members  present  copies  of  the  Meriden 
City  Annual  Report  of  the  previous  year,  containing  his  report  to  the  Special 
Sewer  Committee  of  the  City  of  Meriden.  There  was  no  intention  of  doing 
anyone  an  injustice.     Hence  this  explanation. 

A.  R.  WADSWORTH,  Secretary, 
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TREASURER'S  REPORT. 


The  Treasurer's  Report  to  date  of  meeting  was  then  read 
and  accepted,  as  follows: 

To  the  Officers  and  Members  of  the  Connecticut  Association  of 
Civil  Engineers  and  Surveyors: 
Gentlemen: — I  herewith  submit  the  following  statement 
of  the  receipts  and  expenditures  of  the  Association  from 
January  lo,  1893,  to  May  30,  1893: 

RECEIPTS. 

Balance  on  hand  January  10,  1893,        -        -        -  $I35  7^ 

Membership  dues  for  1891,    -----  6  00 

Membership  dues  for  1892,    -        -        -        -        -  12  00 

Membership  dues  for  1893, 127  00 

Sundries,       -- 100 

Toul. $281  76 

EXPENDITURES. 

Jan.    10.     Janitor's  fee.  City  Hall.  Hartford,        -  $2  00 

Jan.    II.     Paid  E.  P.  Augur,  bills  paid  by  him.     -  12  10 

Jan.    31.     Paid  £.  H.  Deming,  stamped  envelopes,  10  90 

Feb.     7.     Paid  Porter  L.  Wood,  stenographer,      -  12  37 

Feb.  27.  Paid  C.  M.  Gaines,  printing,  -  -  i  25 
Apr.  14.     Paid  Case,  Lockwood  &  Brainard  Co., 

printing,        -----  6  65 

Mar.  10.  Paid  E.  L.  Warren,  express,  -  -  3  25 
May  20.     Paid  Pel  ton  &  King,  printing  Annual 

Reports, 128  10 

May  29.     Paid  Pelton  &  King,  printing,       -        -  9  00 

May  29.     Paid  E.  P.  Augur,  sundries,          -        -  12  05 

Balance  on  hand,           •        -        •        -  84  09 

Total, -        -  $281  76 

None  of  the  amounts  due  for  advertisements  in  the  1893 
Report,  just  out,  are  yet  collected. 

Quite  an  additional  amount  is  also  yet  to  be  paid  in  for 
membership  dues. 

A.  R.  WADSWORTH,  Treasurer, 

Farmington,  Conn.,  May  31,  1893. 
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SUGGESTIONS  AS  TO  PROCESSES 

— AND — 

Methods  of  Duplicating  Drawings. 

By  EDGAR  CLARK,  Putnam,  Conn. 


To  the  Engineer,  some  good  process  for  duplicating  draw- 
ings, by  which  the  labor  necessary  to  reproduce  the  original 
drawing  is  saved,  is  almost  indispensable.  Among  the  dif- 
ferent processes  used  for  this  purpose,  the  Blue  Print  seems 
the  best  adapted  to  the  general  uses  of  the  Engineer,  and 
doubtless  is  the  one  most  in  vogue  at  the  present  time.  This 
process  was  invented  by  Professor  Herschel  of  England  in 
1849,  but  was  not  considered  of  any  practical  value  until  about 
1876. 

The  first  Blue  Print  paper  sold  in  this  country  was  im- 
ported from  Paris.  For  several  years  after  it  came  into  gen- 
eral use,  it  was  prepared  by  hand. 

A  first-class  paper,  prepared  mechanically,  which  will  re- 
tain its  sensitiveness  for  several  months,  giving  good  clear 
prints  with  distinct  white  lines  and  a  bright  blue  ground,  can 
now  be  obtained  from  several  large  firms  in  this  country. 

When  one  has  many  drawings  to  be  copied,  it  is  undoubt- 
edly better  to  buy  the  paper  already  prepared,  as  it  can  be  had 
at  reasonable  prices;  but  if  for  any  reason  he  prefers  to  sen- 
sitize his  own  paper,  there  are  several  formulas,  differing 
slightly  in  the  proportion  of  the  ingredients,  which  give  good 
results.     Among  them  I  will  mention  the  following: — 

I.     Blue  Print  Fluid  in  One  Solution. 

Red  Pnissiate  of  potash.  ^  oz.  or  320  grains. 

Citrate  of  Iron  and  Ammonia,  i  i-io  oz.  or  528  grains. 

Boiled  or  distilled  water,  6  fluid  ounces. 

Concentrated  Aqua  Ammonia,  34  minims  (drops),  about  y^  drachm. 
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Powder  the  Prussiate  of  Potash  in  a  porcelain  mortar,  or 
on  a  marble  slab,  add  the  water,  and  pour  into  an  earthen 
bottle  or  jar.  This  mixture  may  be  kept  for  ten  days  or  two 
weeks.  It  should  stand  a  few  hours  before  using,  though  it 
may  be  used  at  once.  One  fluid  ounce  of  this  mixture  is  suf- 
ficient for  about  i  >4  square  yards  of  paper. 

2.  Blue  Print  Paper  for  Cloudy  Weather. 

a.  Ammonio-citrate  of  Iron,  120  grains  in  one  fluid  ounce  of 
water,  to  which  add  a  few  drops  of  strong  ammonia  solution 
until  the  odor  is  quite  preceptible. 

b.  Potassium-ferricyanide,  105  grains  in  one  fluid  ounce  of 
water. 

c.  Saturated  solution  of  Oxalic  Acid. 

Mix  together  equal  parts  of  a  and  b;  to  this  add  of  ^  a  quan- 
tity one-fifth  as  large  as  that  of  the  mixture  of  a  and  b  together. 
For  all  ordinary  purposes  this  is  better  than  a  larger  propor- 
tion of  c. 

To  get  bright  blue  prints  and  clear  white  lines,  after  the 
usual  washing,  a  bath  of  quite  dilute  acid,  such  as  hydro- 
chloric, or  better,  oxalic,  tends  to  improve  the  .clearness  of 
the  prints. 

Also  the  addition  of  oxalic  acid  to  the  Blue  Print  Mixture, 
lessens  the  necessary  time  of  exposure. 

Paper  that  does  not  absorb  much  of  the  solution  is  most 
suitable  for  all  Blue  Print  work.  To  get  the  best  results  the 
paper  should  be  prepared  in  a  darkened  room,  by  gas  light 
or  lamp  light,  a  short  time  before  using. 

3.  Mixture  for  Sensitizing  Paper. 

One  part  by  weight  of  Citrate  of  Iron  and  Ammonia; 
One  part  by  weight  of  Red  Prussiate  of  Potash; 
Eight  parts  by  weight  of  water. 

The  prime  requisite  for  making  good  prints  is  a  good  trac- 
ing, made  either  on  tracing  cloth  or  on  tracing  paper,  with 
heavy  black  ink,  care  being  taken  to  make  every  line  per- 
fectly opaque. 

The  time  of  exposure  will  vary  according  to  the  season  of 
the  year  and  the  intensity  of  the  light.  The  print  should  be 
exposed  until  the  margin  of  the  paper  has  turned  from  bluish 
to  a  grayish  tint.  In  summer,  four  minutes  in  a  bright  sun- 
light is  sufficient,  but  on  a  cloudy  day  it  requires  much 
longer  time.  In  winter  almost  double  the  time  of  exposure 
is  required.      After  the  exposure,  the  print  should  be  placed 
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in  a  tray  of  tepid  water  and  thoroughly  washed.  When  dry, 
if  the  print  is  not  smooth,  ironing  on  the  back  improves  its 
appearance.     This  applies  especially  to  thin  paper. 

The  sensitizing  fluid  can  be  applied  to  the  paper  with  a 
sponge  or  a  flat  brush,  in  a  dimly  lighted  room.  The  pre- 
pared paper  should  be  kept  and  handled  only  in  dim  light, 
and  should  be  carefully  protected  from  dampness. 

For  printing  small  drawings  an  ordinary  photographers' 
printing  frame  is  very  suitable,  but  for  large  drawings  a 
frame  with  strong  springs  and  an  elastic  cushion  of  uniform 
thickness  can  readily  be  made,  if  more  perfect  apparatus  can- 
not be  obtained,  which  will  produce  good  results.*  Some- 
times one  will  have  a  drawing  too  large  for  his  frame  or 
glass,  and  can  scarcely  afford  the  time  and  expense  of  send- 
ing it  away  to  have  copies  made.  In  such  cases  it  has  been 
my  custom  to  make  two  or  more  prints  36x24,  allowing  a 
margin,  and  then  pasting  the  sheets  together  after  carefully 
matching  the  lines. 

The  Blue  Print  Process  when  compared  with  others  is  found 
to  be  the  simplest  and  the  best,  especially  for  one  who  is  not 
skilled  in  photography,  other  processes  requiring  very  care- 
ful exposure  and  the  use  of  developers  to  bring  out  the  lines. 
These,  if  not  skillfully  used,  will  not  produce  good  prints 
There  are,  however,  two  processes  of  producing  black  lines 
on  a  light  back-ground,  which  I  shall  notice. 

The  first,  called  Progress  Paper,  is  prepared  by  Schwencke, 
Kirk  &  Co.,  New  York,  and  is  as  simple  as  the  Blue  Print 
Process.  It  is  exposed  and  washed  in  the  same  way  as  the 
prepared  Blue  Print  Paper. 

This  paper,  as  I  have  learned  by  experimenting,  is  im- 
proved in  whiteness  by  a  short  bath  in  a  dilute  solution  of 
citric  acid  and  water,  followed  by  thorough  washing  in  clear 
water.  This  treatment  follows  the  first  wash  after  print- 
ing. 

The  second  process,  consisting  of  black  lines  on  a  light 
back-ground,  is  called  the  Nigrosine  Process.  It  requires  a 
developer,  which  should  not  be  kept  too  long  before  using. 
The  prepared  paper  and  a  developer  for  this  process  are 
sold  by  the  Kenffel  &  Esser  Co.,  New  York,  and  other 
dealers. 
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Either  of  the  above  mentioned  New  York  houses,  as  well 
as  the  Keystone  Blue  Print  Co.,  and  the  Philadelphia  Blue 
Print  Co.,  of  Philadelphia,  furnish  blue  print  paper,  prepared 
or  unprepared,  of  a  superior  quality. 


Mr.  Chandler. — Instead  of  printing  the  paper  in  pieces 
and  afterwards  pasting  them  together,  why  not  fold  the  paper 
and  tracing  together,  and  print  it  one  part  at  a  time? 

Mr.  Clajik. — Folding  might  be  satisfactory.  I  have  always 
pasted  it  together  as  the  most  practicable  way  for  me.  The 
largest  print  I  can  make  in  my  frame  is  2  feet  by  3  feet. 
Of  late  I  have  used  paper  3  feet  wide,  cutting  off  pieces  2  feet 
long,  and  afterwards,  pasting  the  pieces  together,  allowing 
for  the  margin.      I  have  no  difficulty  in  matching  the  lines. 

Mr.  Loomis. — Have  you  had  trouble  on  account  of  the  un- 
equal shrinking  of  the  paper  after  having  been  wet  ? 

Mr.  Clark. — I  have;  but  by  slightly  moistening  one  piece, 
the  lines  can  be  made  to  match. 

Mr.  Jar  vis. — We  find  the  Blue  Print  Process  the  best  in 
our  work.  No  attempt  should  be  made  to  scale  Blue  Print 
drawings.  We  have  a  rule  that  Blue  Prints  must  be  figured 
and  that  dimensions  must  not  be  determined  by  using  a  rule 
or  scale.  We  have  experimented  with  black  lines  on  a  white 
back-ground,  but  have  had  rather  poor  success. 

Mr. . — How  does  the  cost  of  the  black  print  paper  com- 
pare with  blue  print  paper  ? 

Mr.  Clark. — The  cost  of  the  former  is  slightly  greater.  I 
have  samples  of  the  prints  and  a  price  list  here.  Speaking 
of  scaling,  it  has  been  my  custom  to  construct  a  scale  upon 
the  original,  which  is  copied  with  the  Blue  Print.  Shrinkage 
is  different  in  different  sheets  of  paper.  Paper  usually 
shrinks  less  crosswise  than  lengthwise. 

Mr.  Bunce. — I  believe  from  my  experience  that  no  me- 
chanic should  put  a  scale  upon  any  drawing.  The  draught- 
ing-room  should  be  held  responsible  for  all  drawings,  scales, 
etc.  If  the  mechanic  cannot  find  the  dimensions  from  figures 
on  the  plan,  he  should  send  it  back  to  the  draughtsman.  A 
mechanic  should  never  be  allowed  to  scale  a  drawing. 
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Mr.  Jar  vis. — I  agree  with  Mr.  Bunce.  Different  mechanics 
will  not  scale  the  same  dra^wing  precisely  alike.  We  have 
found  that  men  in  using  gauges  will  vary  from  ^  to  ^  of  an 
inch  from  each  other  on  the  same  piece.  No  mechanic  should 
be  allowed  to  scale  drawings;  he  should  take  the  dimensions 
as  indicated  by  figures  instead. 

Mr.  Loomis. — My  experience  teaches  me  that  all  paper  is 
liable  to  shrink.  It  depends  somewhat  upon  the  state  of  the 
atmosphere.  Blue  Prints  are  no  less  likely  to  shrink  than 
ordinary  drawing  paper. 

Mr.  Clark. — I  have  not  taken  special  notice  of  the  differ- 
ence between  the  results  accomplished  with  this  paper  and 
the  paper  prepared  by  the  Nigrosine  Process.  I  think  the 
difference  in  the  results  might  depend  somewhat  on  the 
quality  of  the  paper.  I  know  of  no  better  paper  of  this  kind 
than  the  paper  upon  which  these  prints  were  made. 

Mr. .  —  Does  this  paper  give  as  dark  lines  as  the  Nigro- 

sine  paper  ? 

Mr.  Clark. — The  Progress  paper,  I  think,  produces  clearer 
lines  and  figures  than  the  other  process,  at  least  that  has 
been  my  experience  in  using  them.  Perhaps  this  print 
may  have  been  under-exposed.  I  have  learned  that  by  un- 
der-exposure the  back-ground  comes  out  darker.  Over-ex- 
posure renders  the  lines  less  distinct.  Practice  will  teach  one 
what  length  of  exposure  will  give  the  best  results.  The  Im- 
perial paper,  prepared  by  the  Philadelphia  Blue  Paper  Co.,  is 
the  best  I  have  used  for  Blue  Prints. 
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Sanitary  Progress  in  Massachusetts 

—  IN  — 

Water  Supply  and  Sewerage. 

By  FREDERIC  P.  STEARNS, 
Chief  Engineer  of  the  Massachisetts  State  Board  of  Health. 


Your  President  very  kindly  invited  me  to  be  present  with 
you  to-day,  and  also  requested  that  I  should  make  a  brief 
address  on  the  above-mentioned  subject. 

Sanitary  progress  in  Massachusetts  in  matters  of  water 
supply  and  sewerage  undoubtedly  began  soon  after  the  Pil- 
grims landed  on  Plymouth  Rock,  and  another  era  in  its 
progress  began  about  loo  years  ago,  when  aqueduct  com- 
panies introduced  small  systems  of  water  supply  into  several 
cities  and  towns  in  our  State.  I  do  not  propose,  however,  in 
the  few  minutes  that  I  shall  talk  to  you,  to  go  back  into  the 
ancient  history  of  the  subject,  but  will  confine  my  remarks 
to  a  period  within  the  memory  of  nearly  everyone  here 
present. 

In  1870  there  were  but  twenty  public  water  supplies,  or 
less  than  one-seventh  of  the  number  at  the  present  time.  In 
1870,  also,  the  State  Board  of  Health  had  been  in  existence 
but  one  year.  I  mention  this  fact  in  connection  with  the 
sanitary  progress  in  matters  of  water  supply  and  sewerage, 
because  almost  from  the  beginning  this  Board  has  paid  much 
attention  to  questions  of  water  supply,  sewerage,  and  the 
pollution  of  streams,  and  by  its  investigations  and  the  infor- 
mation which  it  has  diffused,  it  has  done  much  ever  since 
this  date  to  create  an  enlightened  public  sentiment  in  these 
matters. 

I  cannot  go  into  much  detail,  and  will  therefore  mention 
next,  as  an  important  step  in  sanitary  progress,  some  legis- 
lation enacted  in  1878  which  prohibited  the  discharge  of  any 
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large  quantity  of  polluting  matter  into  any  stream  used  as  a 
source  of  water  supply  within  twenty  miles  above  the  i>oint 
where  the  water  supply  is  taken,  and  entirely  prohibited  the 
discharge  of  human  excrement  into  such  streams.  The  Mer- 
rimack and  Connecticut  rivers,  however,  were  excluded  from 
the  provisions  of  this  act.  The  city  of  Boston  has  made  use 
of  this  law  in  preventing  the  pollution  of  its  sources  of  water 
supply,  and  it  has  been  a  valuable  aid  in  maintaining  the 
purity  of  the  streams. 

As  the  next  prominent  feature  in  sanitary  progress,  I  may 
mention  the  appointment  of  the  Massachusetts  Drainage  Com- 
mission, in  1884.  This  Commission  was  instructed  to  devise 
systems  of  sewerage  for  the  valleys  of  the  Blackstone,  Charles 
and  Mystic  rivers,  all  of  them  highly  polluted  streams.  Mr. 
John  Quincy  Adams  was  chairman  of  the  Commission,  and 
Mr.  Eliot  C.  Clarke  was  chief  engineer.  In  addition  to  devis- 
ing systems  of  sewerage  for  these  valleys,  this  Commission, 
under  the  provisions  of  one  section  of  the  act,  presented  to 
the  Legislature  of  1886  drafts  of  certain  laws,  two  of  which 
were  adopted.  One  of  them  required  the  city  of  Worcester 
to  purify  its  sewage  before  discharging  it  into  the  Blackstone 
river,  and  the  other  was  a  general  water  supply  and  sewerage 
law,  the  execution  of  which  was  intrusted  to  the  State  Board 
of  Health.  It  is  under  the  provisions  of  the  latter  law  that 
I  am  now  employed  by  the  State  Board  of  Health,  and  both 
on  account  of  my  familiarity  with  its  workings,  and  because 
it  is  a  law  which  may  with  advantage  be  adopted  by  other 
States,  I  will  refer  to  it  more  at  length. 

Its  title  is  "An  Act  to  Protect  the  Purity  of  Inland  Waters." 
By  its  provisions  the  State  Board  of  Health  is  charged  with 
the  oversight  and  care  of  all  inland  waters,  and  is  authorized 
to  make  experiments  upon  the  disposal  of  sewage  and  manu- 
facturing wastes,  and  to  make  examinations  of  water  supplies 
and  rivers.  All  cities,  towns,  and  corporations  intending  to 
introduce  systems  of  water  supply  and  sewerage  are  also 
required  by  this  act  to  submit  their  plans  to  the  State  Board 
of  Health  for  its  advice.  It  is  obvious  that  the  expenditure 
of  a  considerable  sum  of  money  is  required  to  make  this  act 
thoroughly  effectiv^e,  and  the  Legislature  has  very  generously 
appropriated  about  $27,000  per  year  for  this  purpose. 
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There  has  been  no  difficulty  in  getting  the  cities,  towns, 
and  corporations  to  comply  with  the  portion  of  the  law  re- 
quiring them  to  submit  their  plans  of  water  supply  and  sew- 
erage, and  the  total  number  of  applications  to  the  present 
time  has  been  about  250.  The  water  supply  applications 
have  been  received  from  rather  more  than  100  towns,  having 
an  aggregate  population  of  1,000,000,  and  the  sewerage  appli- 
cations from  65  towns,  with  a  population  of  750,000.  The 
State  contains  352  cities  and  towns,  and  had  in  1890  a  popu- 
lation of  2,238,943. 

The  powers  of  the  Board  under  the  act  are  advisory,  but 
its  advice  has  generally  been  complied  with,  and  I  doubt  if 
there  would  be  any  advantage  at  the  present  time  in  giving 
it  mandatory  powers. 

The  results  obtained  by  the  Board  from  its  experiments  on 
the  purification  of  sewage  and  water  and  its  examination  of 
water  supplies  have  been  published  from  time  to  time  in 
much  detail,  and  I  think  it  fair  to  say  that  the  information 
furnished  by  the  Board  in  this  and  other  ways  controls  to  a 
large  degree  the  practice  of  water  supply  and  sewerage 
engineers  in  at  least  the  eastern  section  of  our  country. 

I  will  refer  in  the  remainder  of  my  address  to  a  few  points 
of  sanitary  progress  in  which  the  Massachusetts  State  Board 
of  Health  has  taken  a  prominent  part. 

In  the  question  of  the  disposal  of  sewage  by  intermittent 
filtration,  it  has  been  clearly  shown  by  the  experiments  of 
the  Board  that  it  is  not  a  mere  straining  process,  but  that 
when  properly  done  a  chemical  purification  of  the  sewage 
takes  place,  which  requires  time  and  the  contact  of  the 
sewage  with  a  sufficient  amount  of  free  oxygen.  The  prin- 
ciples governing  the  process  are  very  well  shown  by  the 
following  experiments:  In  the  first,  sewage  was  filtered 
through  a  tank  containing  stones  as  large  as  robins'  eggs. 
It  was  applied  in  small  quantities  at  a  time  and  evenly  dis- 
tributed over  the  surface  of  the  stones,  but  when  it  had 
filtered  through  a  depth  of  five  feet  it  was  very  thoroughly 
purified.  It  is  obvious  in  this  case,  from  the  large  size  of 
the  interstices,  that  the  impurities  could  not  have  been 
strained  out,  and  we  must  therefore  attribute  the  purifica- 
tion to  the  fact  that  the  sewage  spread  itself  in  thin  films 
over  the  surfaces  of  the  stones,  where  it  had  free  access  to 
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the  oxygen  of  the  air.  If  the  sewage  had  been  turned  upon 
a  filter  of  this  kind  in  one  spot,  or  in  .very  large  quantities,  it 
would  have  run  through  in  too  short  a  time  to  permit  puri- 
fication. 

Another  contrasting  experiment  was  made  by  filtering  the 
sewage  through  five  feet  of  fine  surface  soil.  In  this  case  it 
is  obvious  that  there  was  a  very  thorough  straining,  and 
there  was  no  trouble  about  the  element  of  time,  because  the 
sewage  would  not  pass  through  such  fine  material  rapidly. 
On  account  of  the  fineness  of  the  material,  however,  it  re- 
mained saturated,  and  the  oxygen  of  the  air  could  not  enter 
the  pores  of  the  soil,  so  that  while  the  filter  as  a  strainer 
removed  the  suspended  matter  of  the  sewage,  it  allowed  the 
soluble  matter  to  pass  through  without  purification  and  pro- 
duce an  offensive  effluent. 

Now  let  me  speak  of  the  effect  of  such  experiments  uf>on 
the  actual  practice  of  engineers.  Six  years  ago  I  saw  a  bed 
being  prepared  for  the  disposal  of  sewage  from  a  public  in- 
stitution in  this  manner:  The  soil  was  first  carefully  removed, 
then  the  gravel  was  graded  to  a  level  and  the  soil  was  re- 
placed upon  the  surface  at  a  considerable  expense.  This  was 
in  accordance  with  an  idea  which  then  prevailed,  that  the 
layer  of  soil  would  be  of  assistance  in  the  purification  of  the 
sewage.  To-day  we  know,  both  by  experiment  and  by  actual 
practice  with  disposal  fields,  that  the  soil  is  a  disadvantage, 
because  it  prevents  the  free  access  of  air  to  its  pores  and  to  the 
pores  of  the  gravel  beneath  the  soil.  The  city  of  Brockton  is 
to-day  constructing  filter  beds  from  which  the  soil  is  being 
removed,  and  the  same  practice  was  followed  either  wholly 
or  in  part  in  preparing  the  beds  to  dispose  of  the  sewage  of 
South  Framingham,  Marlborough,  Gardner,  Medfield,  and 
Westborough. 

It  may  be  well  to  call  your  attention  to  one  other  point  in 
regard  to  sewage  filtration.  I  have  already  mentioned  the 
need  of  porous  ground  for  the  filtration  of  sewage,  and  may 
go  further  and  say  that  the  amount  of  sewage  which  can  be 
dispovsed  of  per  acre  varies  to  a  considerable  extent  with  the 
porosity  of  the  ground.  In  order  to  define  the  degree  of 
porosity  of  different  materials  a  system  of  mechanical  analyses 
was  devised  by  Mr.  Allen  Hazen,  chemist  in  charge  at  the 
Lawrence  Experiment  Station,  and  upon  comparing  these 
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mechanical  analyses  with  the  results  obtained  from  the  expe- 
riments upon  filtration,  he  found  that  materials  should  not  be 
graded  by  their  average  coarseness,  but  by  the  coarseness  of 
those  particles  which  separated  the  finest  lo  per  cent,  from  the 
remaining  90  per  cent,  of  the  whole  mass.  These  mechanical 
analyses  are  made  by  sifting  the  material  through  sieves  of 
var>'ing  degrees  of  fineness  and  by  other  methods,  which  I 
will  not  attempt  to  describe;  and  from  such  analyses  it  is 
feasible  to  tell  much  more  definitely  than  by  mere  inspection 
the  amount  of  sewage  which  a  given  material  will  purify. 

Six  years  ago  Lenox  was  the  only  town  in  Massachusetts 
which  attempted  to  purify  its  sewage  before  discharging  it 
into  a  stream.  Now  the  list  includes  plants  for  the  purifica- 
tion of  sewage  upon  land  at  South  Framingham,  Marlborough, 
Gardner,  Medfield,  Westborough,  and  Lenox,  and  a  chemical 
precipitation  plant  at  Worcester.  At  several  of  these  places 
most  excellent  results  are  being  obtained. 

To  refer  to  the  question  of  water  supply,  it  was  the  prac- 
tice of  engineers  in  our  State  up  to  seven  years  ago,  to  con- 
struct open  distributing  reservoirs  without  regard  to  whether 
the  water  supply  was  derived  from  the  ground  or  from  sur- 
face sources.  At  the  present  time  I  may  say  that  it  is  the 
practice  to  store  ground  waters  in  reservoirs  from  which  the 
light  is  excluded,  and  in  this  way  prevent  the  deterioration 
of  the  water.  The  city  of  Newton,  the  town  of  Brookline, 
and  the  Hyde  Park  Water  Co.,  all  of  which  have  ground 
water  supplies,  have  built  new  covered  reservoirs  and 
have  practically  abandoned  the  open  reservoirs  previously 
used. 

The  subject  of  the  filtration  of  water  has  been  agitated  to 
a  very  considerable  extent,  and  there  is  a  growing  feeling 
that  all  drinking  water  should  be  filtered.  We  have  had  very 
great  success  in  what  we  may  call  natural  filtration,  the  water 
being  taken  from  wells  or  galleries  in  porous  material  near  a 
stream  or  pond.  In  many  of  these  cases  it  is  known  that  the 
water  comes  from  the  stream  or  pond,  yet  the  water  so  taken 
under  proper  circumstances  is  about  as  good  as  if  it  was  a  true 
ground  water.  Under  other  conditions,  however,  an  imper- 
fectly filtered  water  is  obtained  which  is  liable  to  contain  iron 
and  to  develop  a  growth  of  the  organism  Crenothrix.  The 
conditions  governing  perfect  and  imperfect  filtration  are  now 
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quite  well  known,  but  I  will  not  take  time  to  speak  of  them 
here. 

The  experiments  of  the  Board  upon  the  filtration  of  water, 
have  shown  that  it  is  feasible  to  remove  the  bacillus  of  ty- 
phoid fever  by  passing  the  water  through  sand  which  is  suf- 
ficiently coarse  to  permit  filtration  at  the  rate  of  1,500,000 
gallons  per  acre  per  day. 

As  other  indications  of  progress  I  may  mention  that  the  city 
of  Boston  now  has  a  well-equipped  laboratory  at  the  Chest- 
nut Hill  reservoir  for  the  examination  of  its  waters,  and  it  has 
been  experimenting  upon  the  filtration  of  the  city  water  for 
fully  two  years.  The  city  of  Lawrence  is  now  constructing  a 
sand  filter  for  the  purification  of  the  Merrimack  river  water. 

One  very  important  feature  of  the  work  of  the  Board  has 
been  the  investigation  of  epidemics  of  typhoid  fever.  These 
investigations  have  been  conducted  for  the  most  part  by  Prof. 
W.  T.  Sedgwick,  the  Biologist  of  the  Board,  and  in  several 
cases  he  has  found  after  a  very  thorough  and  complete  inves- 
tigation that  the  epidemics  were  caused  by  the  water  supply. 
In  every  case  where  this  result  has  been  reached,  the  water 
supply  is  taken  from  a  running  stream  which  at  some  point 
above  the  intake  is  known  to  have  been  polluted  by  sew^age 
from  typhoid  fever  patients.  These  results  and  similar  re- 
sults obtained  in  other  places  have  led  to  the  conclusion  that 
a  polluted  running  stream  by  which  infectious  matter  can 
be  carried  to  a  water  works  intake  before  it  loses  its  virulence, 
is  the  most  dangerous  source  of  water  supply,  where  the 
water  is  taken  without  filtration,  even  if  the  degree  of  dilu- 
tion of  the  sewage  is  so  great  that  it  is  not  noticeable  by 
chemical  analysis. 

The  mention  of  this  subject  recalls  to  my  mind  a  conversa- 
tion with  a  water  commissioner  of  a  town  in  a  State  adjacent 
to  Massachusetts.  He  told  me  that  it  was  proposed  to  take  a 
water  supply  for  the  town  from  a  small  river,  and  from  my 
own  knowledge  of  the  case  I  was  aware  that  not  far  up  stream 
there  were  two  growing  towns,  having  a  total  population  of 
15,000,  that  turned  a  considerable  amount  of  sewage  into  the 
stream.  Continuing  the  conversation,  he  said  they  had  sent 
to  the  chemist  a  sample  of  this  water,  marking  the  bottle 
only  with  a  number,  so  that  the  chemist  had  no  knowledge 
of  its  source,  and  that  he  had  reported  that^the  water  was  of 
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excellent  quality  and  suitable  for  the  purposes  of  a  public 
water  supply.  A  statement  of  this  kind  shows  a  relic  of  bar- 
barism in  sanitary'  matters.  In  the  first  place,  the  committee 
should  have  furnished  the  chemist  with  full  information  as 
to  the  source  of  the  sample,  and,  in  the  second  place,  the 
chemist  should  never  have  given  an  opinion  without  having 
full  knowledge  of  the  source.  The  result  will  be  in  my 
opinion,  a  water  supply  that  will  endanger  the  health  of  the 
town,  and  I  am  glad  to  be  able  to  say  that  we  have  made 
enough  sanitary  progress  in  Massachusetts  to  prevent  a  water 
supply  of  this  character  from  being  introduced  in  our  State 
at  the  present  time. 

My  remarks  will  be  Incomplete  if  I  do  not  at  least  mention 
by  name  the  great  sewerage  system  of  the  city  of  Boston, 
and  the  similar  Metropolitan  Sewerage  System  for  about  13 
cities  and  towns  in  the  vicinity  of  Boston,  which  was  devised 
by  the  State  Board  of  Health  and  is  now  being  constructed 
by  the  Metropolitan  Sewerage  Commission  at  a  cost  of  five 
million  dollars. 


Mr.  Wadsworth. — You  spoke  of  filtering  water  for  drink- 
ing purposes.  Will  you  give  us  a  description  of  your  filter- 
bed? 

Mr.  Stearns. — There  are  no  filter-beds  in  Massachusetts 
now  in  use  for  the  filtration  of  water^  though,  as  I  have 
already  stated,  one  is  now  being  constructed  at  Lawrence. 
This  will  consist  of  a  layer  of  five  or  six  feet  of  sand  having 
a  grain  of  medium  size  resting  upon  a  drainage  layer  of 
coarse  gravel  or  broken  stone.  The  filter  will  therefore 
resemble  to  some  extent  the  artificial  filters  which  are  so  fre- 
quently used  abroad,  but  great  care  has  been  taken  in  the 
selection  of  the  sand  for  the  filter,  to  obtain  sand  which  pre- 
vious trials  at  the  Lawrence  Experiment  Station  had  shown 
to  be  fine  enough  to  remove  the  bacillus  of  typhoid  fever  and 
yet  not  too  fine  to  permit  the  water  to  pass  freely  enough,  sa 
that  the  bed  will  not  have  to  be  excessively  large. 

Mr.  McKenzie. — I  think  you  stated  that  the  filtration  was 
at  the  rate  of  1,500,000,000  gallons  per  acre  per  day. 
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Mr.  Stearns. — I  think  that  is  about  the  rate  at  which  the 
water  is  to  be  filtered. 

Mr.  McKenzie. — At  that  rate  of  filtration  would  not  the 
bed  probably  become  clogged  in  time  ? 

Mr.  Stearns. — I  have  no  doubt  that  it  would  be  necessary 
to  scrape  the  surface  occasionally. 

Mr. . — Could  such  a  bed  be  used  long  without  becom- 
ing clogged  ? 

Mr.  Stearns. — Probably  not. 

Mr.  Loomis. — All  experiments  in  sewage  filtration  have 
been  a  failure,  have  they  not  ? 

Mr.  Stearns. — I  cannot  agree  with  that  statement,  although 
sewage  filtration  has  been  more  successful  at  some  places  than 
at  others.  The  first  case  of  sewage  filtration  upon  a  large  scale 
in  Massachusetts  is  that  of  Framingham.  At  this  place  a 
tract  of  sixty-five  acres  of  porous  land  has  been  secured,  and 
eleven  acres  have  been  prepared  in  beds  for  the  intermittent 
filtration  of  sewage.  The  beds  are  underdrained  to  only  a 
limited  extent,  and  nine-tenths  of  the  water  passes  through 
the  ground  to  a  lower  level,  and  comes  out  in  natural  springs 
at  the  edge  of  a  meadow.  The  analyses  of  samples  of  water 
from  the  underdrains  have  shown  a  high  degree  of  purifica- 
tion, while  the  analyses  of  water  from  the  natural  springs 
have  shown  that  the  water  coming  out,  after  passing  for  a 
long  distance  through  the  ground,  is  almost  perfectly  pure 
organically,  although  it  contains  the  mineral  elements  which 
are  found  in  sewage.  The  analysis  of  this  effluent  is  so 
nearly  the  same  as  that  of  some  of  the  spring  water  sold  in 
Boston  for  drinking  purposes  that  a  chemist  could  not  dis- 
tinguish between  the  two. 

Mr.  Wadsworth. — Does  the  State  Board  of  Health  or  its 
Biologist  recommend  the  filtration  of  all  drinking  water  ? 

Mr.  Stearns. — Professor  Sedgwick,  the  Biologist  of  the 
Board,  read  a  paper  before  the  New  England  Water  Works 
Association,  advocating  the  filtration  of  all  polluted  surface 
waters,  and  I  think  there  is  a  growing  feeling  among  engi- 
neers and  sanitarians  generally  that  the  filtration  of  water 
should  be  practiced  much  more  generally  than  it  now  is. 
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Mr.  McKenzie. — In  actual  practice  in  Massachusetts  do 
the  cities  or  towns  having  these  sewage  filter-beds  attend  to 
them  regularly  in  accordance  with  your  instructions  and  regu- 
lations ? 

Mr.  Stearns. — In  several  instances  there  is  a  good  deal  of 
care  taken  in  the  operation  of  the  filter-beds;  in  other  cases 
not  as  much.  I  think  it  very  important  to  provide  conditions 
if  possible  under  which  filter-beds  will  give  fairly  good  suc- 
cess, even  if  not  carefully  attended  to.  I  know  of  one  case 
where  very  little  attention  was  given  a  filter-bed,  and  yet  as 
it  consisted  of  loose  porous  gravel  not  underdrained,  and  is 
at  a  considerable  "distance  from  habitations,  the  effluent  is 
very  thoroughly  purified  when  it  comes  out  in  a  spring  at 
the  edge  of  a  meadow,  and  no  complaint  has  ever  been 
received  of  odor  from  the  works.  This  bed  has  been  in 
operation  about  six  years. 

Mr.  Frost. — I  suppose  the  people  of  Massachusetts  and 
of  New  England  recognize  Massachusetts  as  the  fountain- 
head  of  all  knowledge  and  authority  on  water  and  sewage. 
Everywhere  the  labors  of  the  Massachusetts  State  Board  of 
Health  are  appreciated.  Very  soon,  I  think,  it  will  be  recog- 
nized that  Massachusetts  is  the  great  educator  in  the  disposal 
of  sewage.  Down  where  I  live  they  call  those  of  us  who 
have  business  elsewhere  "roosters."  But  there  are  so  many 
of  us  that  we  take  possession  of  the  place.  Recently  I  was 
put  on  the  Board  of  Sewer  Commissioners,  to  save  the  salary 
of  an  engineer.  Some  efforts  have  been  made  to  sewer  the 
city  of  Plainfield.  Preliminary  to  the  adoption  of  a  plan  for 
the  work,  the  President  of  the  Council  and  myself  were  sent 
to  Massachusetts.  We  went  to  Lawrence  first.  In  the  three 
hours  we  spent  there  we  learned  very  much.  After  that  we 
went  to  Framingham.  We  recommended  intermittent  filtra- 
tion for  Plainfield,  and  expect  to  carry  it.  I  became  so  much 
interested  in  the  subject  that  I  sent  a  man  to  visit  every 
filter-bed  in  the  United  States.  Since  then  we  have  pub- 
lished an  account  of  his  visits,  and  will  have  it  out  in  a  short 
time.  There  are  twenty-four  or  twenty-five  such  places 
in  the  United  States.  In  Great  Britain  they  take  less  care 
than  we  do.'  One  great  reason  why  Massachusetts  leads  is 
that  she  has  educated  her  young  men  how  to  do  it.     All  the 
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gentlemen  of  the  Board  are  graduates  of  Massachusetts  col- 
leges. They  can  tell  you  just  what  the  constitution  of  the 
beds  should  be  to  take  care  of  the  greatest  amount  of  sewage 
in  the  proper  way.  It  is  now  a  simple  matter  to  determine 
the  character  of  the  soil  in  your  neighborhood,  by  sending  to 
the  Board  of  Health.  In  the  interior  cities  and  towns  there  is 
no  way  of  getting  rid  of  sewage  except  by  some  such  method 
as  filtration  or  irrigation.  Intermittent  filtration  is  the  most 
popular.  There  are  many  towns  in  New  Jersey  where  they 
cannot  get  to  tide  water.  In  Massachusetts  there  must  be 
more  and  more  towns  adopting  this  method.  I  wish  to  testify 
to  the  great  work  being  done  and  the  valuable  reports  that  are 
being  published.  They  are  standard  for  the  United  States 
and  the  whole  world  for  the  disposal  of  sewage  and  purifica- 
tion of  water.  I  was  very  much  interested  in  hearing  Mr. 
Stearns'  outline  qf  the  work  of  the  Board. 

Mr.  McKenzie. — I  wish  to  say  a  word  regarding  the  appre- 
ciation of  the  people  of  Connecticut.  Our  State  Board  of 
Health  applied  to  the  Committee  on  Public  Health  for  an 
increased  appropriation.  After  investigating  the  matter 
thoroughly,  the  Committee  of  the  General  Assembly  reported 
adversely,  saying  that  the  work  done  in  Massachusetts  was 
so  thorough  that  a  larger  appropriation  was  wholly  unneces- 
•  sary . 

Mr.  Stearns. — I  had  hoped  that  my  coming  here  might 
help  to  promote  legislation  in  Connecticut  relative  to  the 
supervision  of  water  supplies  and  sewerage  and  the  preven- 
tion of  the  pollution  of  streams.  It  seems  to  me  that  the 
supervision  by  the  State  Board  of  Health  of  Massachusetts 
has  in  many  cases  prevented  towns  from  adopting  fault}' 
systems  of  water  supply  and  sewerage,  and  in  cases  where  it 
has  seemed  necessary,  for  the  present,  to  permit  the  discharge 
Qf  sewage  into  streams,  the  Board  has  advised  that  the  works 
be  arranged  with  reference  to  the  future  purification  of  the 
sewage  whenever  it  shall  become  necessary.  As  an  instance 
of  the  trouble  which  may  result  from  not  having  works 
properly  designed  in  this  respect,  the  case  of  Worcester  may 
be  cited.  This  city  was  authorized  in  1867  by  the  Legislature 
to  discharge  its  sewage  into  a  brook,  and  when  the  Black- 
stone    river  became   so  much    polluted    that    the    sewage 


CIVIL  ENGINEERS  AND  SURVEYORS.  2$ 

required  purification,  it  had  been  mingled  with  so  much  brook 
and  storm  water  that  the  purification  of  the  sewage  became 
a  matter  of  great  difficulty.  I  do  not  say  this  as  a  reflection 
upon  the  engineers  who  designed  the  Worcester  system 
twenty-six  years  ago,  because  much  less  was  then  known 
with  regard  to  stream  pollution  and  the  purification  of 
sewage.  It  is  fair  to  suppose  that  a  Board  making  a  con- 
stant study  of  these  questions  should  be  able  to  prevent  many 
mistakes  which  towns  are  liable  to  make.  I  beliQve  the 
supervision  of  a  State  Board  of  Health  to  be  a  very  desirable 
thing  and  to  be  worth  more  than  it  costs,  and  I  should  be 
very  glad  if  the  engineers  here  would  support  the  State 
Board  of  Health  of  Connecticut  in  these  matters. 

Mr.  Frost. — It  has  occurred  to  me  that  in  the  disposal  of 
sewage  in  the  future  there  is  something  fgr  engineers  to  do. 
If  you  are  going  to  have  good  sewerage,  you  must  have  close 
joints.  It  is  a  difficult  thing  to  get  an  engineer  who  will  insist 
upon  close  joints.  It  is  no  easy  matter  to  determine  upon  the 
engineer  for  such  work.  It  is  one  thing  to  build  a  line 
of  sewers  and  another  to  build  them  with  tight  joints.  The 
construction  of  sewers,  according  to  the  separate  system,  is 
going  to  be  a  specialty.  I  make  these  suggestions  to  show 
that  this  is  an  important  field  of  work  that  will  more  and  more 
require  special  qualifications  on  the  part  of  engineers.  I  shall 
soon  employ  an  engineer  for  the  sewerage  of  Plainfield,  and 
the  man  who  goes  on  to  that  work  I  shall  trust  implicitly;  but 
I  shall  select  him  with  great  care,  for  our  work  must  be  done 
in  a  model  way. 
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Water  for  Domestic  Uses. 

REMVIARKS 

—  OF  — 

Dr.  THOMAS  M.  DROWN, 

Of  The   Massachusetts   Institute   of   Technology. 
Analyst  of  the  Massachusetts  State  Board  of  Health. 


It  gives  me  pleasure  to  respond  to  the  invitation  of  your 
President  and  Mr.  Blake  to  say  a  few  words  on  the  sanitary 
side  of  water  supply. 

What  constitutes  a  pure  water  supply  and  who  shall  be  the 
judge  of  its  purity  ?  Shall  it  be  the  physician,  the  chemist^ 
or  the  biologist  ?  By  pure  water  I  mean,  of  course,  that 
which  is  wholesome  and  fit  for  drinking,  for,  as  we  all  well 
know,  absolutely  pure  water  is  unknown  in  nature. 

A  man  naturally  goes  to  his  doctor  in  matters  pertaining- 
to  health ;  he  is  supposed  to  know  all  about  the  human  system, 
and  the  things  which  will  affect  it  favorably  or  unfavorably. 
And  yet  I  must  confess  that  I  often  get  out  of  patience  with 
the  doctors  when  they  talk  about  the  effect  of  drinking  water 
on  the  health  of  a  community.  I  have  in  mind  a  case  where  a 
suit  was  brought  for  damages  against  a  landlord  because  the 
doctor  attributed  the  sickness  of  several  members  of  the  house- 
hold to  the  impure  water  of  the  well,  and  the  cases  of  sick- 
ness included  rheumatism,  nervous  prostration,  eczema,  and 
general  debility.     A  very  potent  water  surely  was  this! 

You  are  all  doubtless  familiar  with  instances  of  local  epi- 
demics— diphtheria,  cholera  infantum,  and  others — being  at- 
tributed by  physicians  to  the  water  supply.  Particularly  is 
this  the  case  when  the  water  at  the  time  has  more  or 
less  taste  or  odor.  Now  I  have  great  sympathy  with  the 
practicing  physician  in  the  difficulties  under  which  he  often 
labors  in  ascertaining  the  cause  of  disease  when  he  is  called 
upon  to  fight  it,  and  I  approve  heartily  of  any  preventive 
measures  he  may  take  in  his  endeavor  to  discover  the  cause. 
For  instance,  I  might  approve  of  a  physician  recommending 
the  temporary  avoidance  of  the  regular  water  supply  in  the 
case  of  an  epidemic,  to  see  if  the  cause  was  in  the  water. 

What  I  object  to  is  the  positive  condemnation  of  the  water 
supply  as  a  source  of  danger,  on  unsufficient  grounds — or  no 
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grounds  whatever — thereby  causing  needless  alarm  and  do- 
ing great  injustice  to  water  commissioners  or  superintendents 
who  may  be  zealous  in  preserving  the  purity  of  the  water. 

When,  as  is  frequently  the  case  in  summer,  the  waters  of 
p>onds  or  reservoirs  have  an  unpleasant  taste  or  odor  from 
algae  or  infusoria,  there  is  apt  to  be  an  outcry  against  the 
"polluted"  water,  in  which  the  doctors  seem  only  too  ready 
to  join.  Now  if  they  would  only  give  themselves  a  little 
trouble  to  ascertain  the  source  of  this  taste  and  odor,  they 
would  learn  that,  in  some  cases  at  least,  it  was  due  to  oily 
particles  secreted  by  vegetable  or  animal  organisms,  and  that 
it  had  no  connection  whatever  with  decay  or  putrefaction  of 
vegetable  or  animal  matter,  and  moreover,  that  the  amount 
of  this  oily  substance  which  would  affect  unpleasantly  the 
water  of  a  large  pond  or  reservoir  would  be  quite  inappreci- 
able and  perhaps  unweighable  in  the  amount  of  water  which 
a  person  would  use  for  drinking  during  one  day.  One  does 
not  reject  spring  butter  as  unwholesome  because  the  cows 
have  been  eating  garlic;  he  may  reject  it  because  he  does 
not  like  it,  but  he  would  be  laughed  at  if  he  attributed  epi- 
demics to  its  use.  It  seems  to  me  equally  absurd  to  attribute 
an  epidemic  to  the  use  of  water  which  contains  an  unusual 
number  of  harmless  diatoms,  or  algae,  or  infusoria. 

Sometimes  I  think  that  worse  than  complete  ignorance  of 
the  subject  of  water  supply  on  the  part  of  physicians  is  a  little 
knowledge,  particularly  that  which  passed  for  knowledge  a 
few  years  ago.  A  doctor  who  will  talk  learnedly  of  the  "  self- 
purification  of  streams,"  and  of  the  "necessity  of  aeration" 
from  books  of  the  last  generation,  and  will  attribute  diseased 
conditions  of  a  community  to  the  failure  of  certain  necessary 
conditions  in  a  water  supply  is  difficult  to  deal  with.  I  have 
encountered  that  doctor,  too,  as  doubtless  many  of  you  have, 
and  have  found  him  harder  to  convince  than  the  one  who 
makes  no  claim  to  knowledge  on  the  subject. 

The  specialist  now-a-days  makes  sad  havoc  among  many 
of  our  long-held  and  favorite  theories,  but  there  is  no  use  try- 
ing to  oppose  him  with  the  books  we  studied  in  our  youth. 

Shall  we  then  go  to  the  chemist  or  biologist  for  reliable 
information  about  water  ?  I  fear  they  are  often  as  uncertain 
and  fallible  guides  as  the  doctors.  Mr.  Stearns,  who  has  pre- 
ceded me,  has  given  a  good  instance  of  the  blundering  chem- 
ist, who,  on  the  strength  of  an  analysis  made  of  a  sample  of 
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water  which  had  been  sent  him,  recommended  a  sewage-pollu- 
ted stream  for  a  water  supply.  There  are  plenty  of  chemists 
who  think  a  single  chemical  analysis  quite  sufficient  to  settle 
the  matter  of  the  quality  of  a  water  supply. 

It  may  not  be  uninteresting  to  consider  for  a  moment  the 
chemist's  position  with  regard  to  the  composition  of  drinking 
water.  When  a  sample  of  water  is  sent  to  a  chemist  for  an- 
alysis, he  is  generally  requested  to  ascertain  whether  there  is 
anything  in  the  water  which  would  prove  injurious  to  health, 
on  the  presumption  that  he  tests  for  known  injurious  sub- 
stances as  he  would  test  for  poisons — arsenic,  or  mercurj'  or 
strychnia,  for  instance.  In  reality  he  does  nothing  of  the 
kind.  He  determines,  mainly  by  indirect  means,  the  amount 
of  organic  matter  a  water  contains,  and  the  products  of  the 
decomposition  of  this  organic  matter.  When  he  has  obtained 
his  results  they  are  of  no  value  until  they  are  interpreted. 
Our  methods  of  water  analysis  come  to  us  mainly  from  Eng- 
land, where  also  certain  "standards  of  purity"  have  been  es- 
tablished by  sanitary  authorities  from  time  to  time,  by  which 
the  purity  of  a  water  or  its  fitness  for  drinking  is  judged. 
These  "standards"  are  entirely  arbitrary,  but  they  make  it 
easy  for  the  chemist  to  give  an  opinion  on  a  water,  for  he  has 
only  to  compare  his  results  with  the  standards  and  approve 
or  condemn  the  water  accordingly. 

These  standards  were  undoubtedly  a  step  forward  in  the 
sanitary  examination  of  water,  and  may  have  served  in  their 
time  a  good  purpose,  but  since  the  germ-theory  of  disease  has 
obtained  general  acceptance,  they  have  become  worse  than 
useless.  Yet  so  convenient  is  it  for  an  analyst  to  fall  back  on 
authority  in  matters  of  sanitation,  that  the  average  chemist 
gives  up  these  standards  only  with  great  reluctance,  for  with- 
out the  means  of  interpretation  his  analysis  is  useless. 

Not  long  since  a  case  came  under  my  notice,  where  a  brown, 
swampy  water,  from  an  uninhabited  area  was  condemned  by  a 
chemist  as  "polluted,"  because  its  albuminoid  ammonia  was 
above  the  "standard." 

Surely  the  bacteriologist  and  biologist  ought  to  be  able  to 
tell  us  whether  or  not  a  water  is  fit  to  drink.  Some  of 
them  are  certainly  very  confident  of  their  ability  to  do  so. 
I  have  a  case  in  mind  in  a  neighboring  State,  in  which  a  bac- 
teriologist was  asked  to  give  an  opinion  on  a  surface  water 
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supply  because  of  its  bad  odor.  A  sample  of  water  was  sent 
to  him  for  examination,  and  he  reported  that  the  water  was 
seriously  contaminated  by  sewage,  and  he  recommended  that 
a  careful  inspection  of  the  watershed  be  made  to  discover  the 
source  of  pollution.  I  can  imagine  the  surprise  and  indigna- 
tion of  the  superintendent  of  this  water-supply  at  receiving 
such  a  report.  He,  of  course,  knew  every  square  foot  of  his 
watershed,  which  at  most  had  only  about  a  dozen  houses, 
none  of  which  drained  directly  into  the  stream  or  reservoir. 

Now  I  do  not  wish  by  anything  I  have  said  to  bring  con- 
tempt on  the  sanitary  examination  of  water,  or  on  the  physi- 
cian, chemist  or  biologist  who  is  studying  the  matter  of 
water-supply  in  a  truly  scientific  spirit.  There  has  been 
great  progress  made  in  the  last  five  or  six  years  in  our 
knowledge  of  the  chemistry  and  biology  of  water.  Our 
methods  of  investigation  are  better,  and  our  interpreta- 
tion of  results  is  based  no  longer  on  arbitrary  standards,  but 
on  a  vast  amount  of  accumulated  knowledge  of  the  relation 
which  chemical  results  bear  to  the  origin  and  environment 
of  the  water.  When  we  know  that  an  unpleasant  taste  or 
odor  in  a  water  is  due  to  diatoms,  for  instance,  we  give  our- 
selves no  anxiety,  for  we  have  no  reason  for  thinking  that 
these  minute  vegetable  organisms,  which  are  present  in  al- 
most all  surface  waters,  are  in  the  least  injurious  to  health.  On 
the  other  hand,  chemical  and  biological  investigation  can  often 
guard  us  against  drinking  bright,  sparkling  and  good-tasting 
water,  which  may  be  injuriously  contaminated  with  sewage. 

But  laboratory  analysis  of  water,  be  it  chemical  or  biological, 
will  seldom  suffice  for  a  clear  understanding  of  the  perma- 
nent character  of  a  water-supply.  This  is  a  question  which 
should  have  the  joint  attention  of  the  engineer,  chemist,  and 
biologist — or,  if  you  please,  of  the  fully-equipped  sanitary 
engineer.  And  it  were  much  to  be  desired  that  the  physician 
should  be  also  included  in  this  list  of  experts,  for  he  is  the  one 
most  immediately  concerned  in  the  health  of  a  community. 

I  may,  perhaps,  be  permitted  to  say  that  I  think  the  merit 
of  the  work  which  we  have  been  doing  in  Massachusetts  in 
the  matter  of  its  water  supplies  and  rivers,  is  largely  due — 
I  might  almost  say  entirely  due — to  this  happy  cooperation 
of  the  engineer,  chemist,  and  biologist,  learning  from  one 
another  and  helping  one  another. 
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DESCRIPTION  OF  THE  NEW  DAM 

—  OF  THE  — 

New  Britain  Water  Works  Reservoir. 

By  PERCY  M.  BLAKE, 

CHIEF    ENGINEER,    HYDE    PARK,    MASS. 


Mr.  President  and  Gentlemen: — 

For  the  conception  and  successful  execution  of  public 
improvements,  the  engineer  is  responsible,  and  early  in  his 
experience  he  is  made  to  see  and  feel  that  a  poor  piece  of 
municipal  work  is  neither  forgotten  nor  forgiven  by  the  ob- 
serving and  critical  public.  Exceed  appropriations  and  esti- 
mates he  may,  but  this  critical  public  will  demand  of  him  a 
reasonable  degree  of  excellence  in  all  of  his  undertakings, 
and  if  he  fails  to  attain  this,  then  no  financial  economy  can 
save  him. 

The  municipal  improvement  which  you  are  invited  to  ex- 
amine to-day,  and  for  the  designing  and  execution  of  which 
the  writer  is  to  a  large  degree  responsible,  is  not  an  extra- 
ordinary nor  an  unusual  one.  It  is  but  one  of  a  class  which 
is  bound  to  become  necessary  in  the  growth  of  any  New 
England  city. 

New  Britain  was  among  the  pioneers  in  introducing  a  pub- 
lic water  supply,  water  having  been  introduced  from  the 
Shuttle  Meadow  watershed  in  1857  when  the  borough  had  a 
population  of  less  than  4,500  people.  At  that  time  there 
were  very  few  public  water  supplies  in  the  New  England 
States.  An  ordinary  earthen  dam  of  moderate  height  and 
simple  design  was  constructed  across  the  valley  of  the  Shuttle 
Meadow  Brook,  and  an  artificial  lake  of  some  160  acres  made 
by  impounding  the  water  gathered  from  a  watershed  area 
of  619  acres.  In  1890  with  a  population  of  19,000,  the  city  of 
New  Britain  had  utilized  nearly  to  its  fullest  capacity  its 
source  of  supply,  supplemented  as  it  had  been  in  1884  wuth  a 
secondary  watershed  area  of  446  acres.  The  records  of  pre- 
ceding years  showed  to  a  committee  of  1890,  that  much  water 
from  these  watershed  areas  had  been  lost  in  some  years  for 
want  of  adequate  storage  capacity  in  the  reservoir  or  lake 
formed  by  the  dam  of  1857.     An  examination  of  all  the  facts 
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in  the  case,  demonstrated  the  necessity  for  a  new  and  higher 
dam  and  the  feasibility  of  annexing  another  additional  water- 
shed area  of  476  acres.  In  1891,  the  city  authorized  the  im- 
provement of  the  public  water  supply  by  the  construction  of 
a  new  dam  and  gatehouse,  the  laying  of  a  large  leading  main 
from  this  new  gatehouse  to  the  city,  and  the  addition  of  the 
new  watershed  area  by  the  construction  of  an  intercepting 
canal  discharging  into  the  Shuttle  Meadow  Lake  through  a 
channel  at  the  westerly  end  of  the  new  dam. 

There  are  no  specially  unique  features  about  the  dam,  the 
canal  or  gatehouse,  but  it  was  recognized  that  in  the  con- 
striction of  the  dam,  absolute  stability  and  strength  to  retain 
nearly  a  billion  and  a  quarter  gallons  of  water  must  be  pro- 
vided, that  the  water  slope  of  the  structure  must  be  adequately 
protected  against  erosion  by  wave  action  and  ice,  and  that 
the  joint  between  the  bottom  of  the  structure  and  its  natural 
foundation  must  be  so  tight  as  to  admit  of  no  actual  flow  of 
water  through  it. 

The  dam  is  very  nearly  600  feet  long  and  20  feet  wide  on 
its  top,  about  ^^  feet  high,  with  inner  slope  two  on  one 
and  outer  slope  one  and  eight-tenths  on  one,  and  contains 
about  38,000  cubic  yards  of  embankment.  Its  cost  will  be, 
when  completed,  very  nearly  $51,000.  As  is  common  in  all 
properly  designed  structures  of  this  kind,  there  is  a  core  wall 
running  through  the  axis  of  the  dam.  This  wall  consists 
entirely  of  hand-made  concrete  resting  on  a  bed  foundation 
of  hard  compact  material,  generally  of  a  gravelly  nature,  but 
very  nearly  water  tight,  and  for  a  liniited  portion  of  the  way, 
on  bed  rock  or  ledge  of  the  same  composition  as  that  to  be 
seen  in  the  abrupt  hillside  against  which  the  west  end  of  the 
dam  abuts.  This  hand-made  concrete  was  built  up  between 
mould  boards  by  hand,  the  matrix  consisting  of  a  strong  ce- 
ment mortar,  and  the  filling  being  angular  fragments  of  stone 
varying  in  dimension  from  3  to  10  inches  in  greatest  length. 
These  stones  were  firmly  and  individually  bedded  with  a 
mason's  small  hammer  in  the  stiff  matrix  until  the  latter 
flushed  to  the  surface  under  the  blow  and  submerged  the 
stone.  Frequent  examinations  and  tests  of  the  composition 
were  made  by  digging  into  and  breaking  up  portions  which 
had  become  set  and  partially  hardened,  and  in  no  instance 
did  such  examination  show  that  the  mass  of  the  wall  was 
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other  than  a  close  water-tight  structure.  The  writer's  expe- 
rience with  core  wall  and  similar  work  has  been  such  as  to 
demonstrate  that  this  form  of  concrete  is  superior  in  its 
strength  and  homogeneousness  to  any  mixed  concrete  which 
can  be  made  and  applied  in  any  progressive  building.  The 
amount  of  core  wall  masonry  of  this  class  in  the  dam  is  2,800 
cubic  yards,  and  the  price  paid  per  yard  was  $6,  which  in  this 
case  afforded  a  handsome  profit  to  the  contractor. 

The  form  and  superficial  finish  of  the  dam  can  be  better 
understood  by  the  examination  which  you  will  make  of  it 
than  by  any  verbal  description.  Such  curves  and  lines  in  a 
structure  of  this  kind  as  lie  outside  the  shape  and  dimensions 
necessary  to  give  the  required  stability  and  strength,  are  de- 
signed mainly  to  please  the  eye,  and,  on  the  inner  slope  of  the 
dam,  to  resist  the  wave  action  and  the  grinding  force  of  float- 
ing ice. 

The  gatehouse  is  cylindrical,  with  admission  ports  at  dif- 
ferent elevations  and  ample  internal  screening  capacity.  The 
internal  diameter  of  the  superstructure  or  wheel-room  is  2 1 
feet,  and  the  height  of  wall  in  this  room  is  16  feet,  giving 
ample  space  overhead  for  the  play  of  the  screen  hoisting  ap- 
paratus. The  screens  are  in  square  sections  and  are  in  all  re- 
spects interchangeable,  so  that  no  inconvenience  can  be 
experienced  in  removing  and  replacing  them.  The  admission 
ports  are  controlled  by  heavy  sluice  gates  located  within  the 
substructure  and  protected  on  the  outside  by  an  iron  shield, 
which  serves  to  some  extent  as  a  very  coarse  strainer, 
and  prevents  the  admission  into  the  gatehouse  of  large  float- 
ing objects.  As  in  the  case  of  the  dam,  an  examination  of 
this  structure  will  convey  a  much  clearer  idea  of  its  details 
than  a  description  at  this  time.  From  this  gatehouse  a  30- 
inch  hea\y  cast-iron  main  is  laid  under  the  dam  to  a  point  in 
the  meadow  below,  where  by  convenient  connections  con- 
trolled by  suitable  gates,  the  water  is  delivered  into  the  24- 
inch  cast-iron  leading  main  which  supplies  the  city  with 
water.  There  is  also  a  24-inch  cast-iron  main  laid  under  the 
dam  to  the  old  gatehouse,  which  it  is  proposed  to  retain  and 
use  as  an  alternative  outlet  if  occasion  requires,  and  this  24- 
inch  main  joins  by  independent  connection,  the  new  24-inch 
main  just  referred  to.  Water  can  be  drawn  through  either 
gatehouse  by  this  plan. 
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The  waste-way  over  which  any  surplus  water  yielded  by 
the  three  watersheds  will  pass  from  the  lake,  is  30  feet  in 
width,  and  consists  of  a  cut  stone  sill  and  apron,  with  paved 
channel  above  and  below.  It  is  estimated  that  at  no  time 
will  the  depth  of  water  over  this  waste-way  be  greater  than 
seven  inches. 

As  an  aid  in  preserving  the  local  purity  of  the  water  in  the 
vicinity  of  the  dam,  the  bottom  and  slopes  of  the  reservoir 
have  been  ballasted  with  broken  stone  and  small  boulders, 
this  work  having  in  view  as  an  important  object,  the  prevent- 
ing of  turbidity  of  the  water  in  the  immediate  vicinity  of 
the  gatehouse,  which  might  be  caused  by  the  wind- wash  on 
an  unprotected  and  rather  soft  shore  line. 

In  constructing  this  dam  and  gatehouse,  the  original  dam 
was  entirely  removed  and  such  of  the  material  forming  it  as 
was  found  suitable  for  the  purpose  was  deposited  in  the  em- 
bankment of  the  new  dam,  and  the  space  formerly  occupied  by 
the  old  dam  is  now  a  ver>'  level  reservoir  bottom  just  within 
the  flow  lines  of  the  new  structure. 

The  watershed  area  of  476  acres  recently  added,  has  been 
made  available  by  the  construction  of  a  canal  nearly  8,000 
feet  in  length.  The  grade  of  this  canal  is  one  foot  in  1,000, 
and  the  discharging  capacity  has  been  based  upon  a  cross 
section  having  a  bottom  width  of  five  feet  and  side  slopes  of 
one  and  one-half  on  one.  The  shortest  radius  used  in  the 
curves  employed  in  locating  this  canal  is  100  feet,  and  the 
maximum  depth  of  water  which  has  thus  far  been  observed, 
and  it  was  an  extreme  case,  is  five  feet  and  three  inches. 
The  design  for  this  canal  includes  the  construction  in  its 
outer  bank  of  four  waste  weirs,  the  available  level  of  which 
is  to  be  placed  five  feet  above  the  bed  of  the  canal.  These 
waste  weirs  will  act  as  relief  valves,  and  in  case  of  the  unex- 
pected packing  of  ice,  or  the  appearance  of  other  obstacles, 
the  section  or  sections  of  the  canal  above  the  point  of  ob- 
struction will  be  protected  from  an  overflow  of  the  canal 
bank,  with  its  attendant  danger. 

This  canal  is  yet  in  an  unfinished  condition,  although  com- 
paratively little  remains  to  be  done  to  it.  The  effects  pro- 
duced by  ice  last  winter  and  by  the  varying  and  sometimes 
excessive  flow  of  water  during  the  spring  months,  have  been 
carefully  noted  and  the  work  of  applying  a  permanent  pro- 
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tection  at  the  points  needing  it  has  been  begun  and  will  in  a 
comparatively  short  time  be  complete. 

This  protection  will  consist  of  paving  in  the  form  of  close 
bedded  work  or  an  apron  work,  ballasting,  benching,  and  in 
one  or  two  localities,  evening  and  tightening  with  concrete. 
The  cost  of  this  canal  when  completed  will  not  vary  much 
from  $40,000.  The  function  of  this  item  of  improvement  is 
to  divert  and  convey  the  waters  of  three  vigorous  brooks  and 
to  collect  in  addition  thereto,  such  surface  water  as  formerly 
found  its  way  over  the  natural  slopes  of  the  watershed  unin- 
tercepted,  to  the  lower  land. 

A  canal  of  this  kind,  in  which  the  water  level  will  vary 
greatly,  and  which  follows  so  tortuous  a  course,  will  undoubt- 
edly require  regular  inspection  and  frequent  repairs  and  cor- 
rections. It  is  not  practicable  or  expedient  to  apply  a  con- 
tinuous form  of  protection  for  the  entire  length  of  the  canal, 
owing  to  the  disproportionate  cost  which  would  be  entailed 
thereby.  Monthly  inspections  of  the  condition  of  the  canal 
will  show  that  the  looser  material  washed  into  the  bottom 
will  require  removal  in  order  to  restore  the  regular  grade  of 
the  canal  and  insure  a  uniform  delivering  capacity.  In  very 
cold  and  dry  winters  the  banks  will  be  eroded  by  frost  and 
ice,  and  it  will  be  found  necessary  to  add  additional  protection 
occasionally,  or  to  replace  that  displaced  by  such  ravages. 

The  following  memorandum  from  the  report  recently  made 
to  the  Board  of  Water  Commissioners,  will  be  of  interest: 

"  When  the  Wesf  Canal  is  completed,  the  city  will  be  in 
possession  of  the  following  sources  of  supply: 

First,  the  Shuttle  Meadow  Reservoir,  with  a  high  water 
surface  of  about  185  acres  and  maximum  storage  capacity 
when  full  to  the  level  of  the  new  waste-way,  of  more  than 
1,000,000,000  gallons. 

Second,  the  lake  watershed  (net)  of  599  acres. 

Third,  the  Panther  Swamp  watershed  of  446  acres. 

Fourth,  the  West  Canal  watershed  of  476  acres. 

Total  watershed  area,  1,521  acres. 

This  area  is  8|  times  the  new  high  water  area  of  the  reser- 
voir. 

Taking  into  account  the  saving  of  the  water  which  the 
records  show  has  been  wasted  frequently  in  the  past  for  want 
of  storage  capacity,  and  assuming  that  no  undue  waste  of 
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water  by  the  many  users  thereof  is  permitted,  the  watershed 
area  now  contributing  to  the  reservoir  will  supply  water 
enough  for  a  population  of  at  least  30,000  people." 

The  productiveness  of  this  combined  watershed  area  is 
shown  by  its  yield  of  water  since  January,  1893,  at  which  time 
the  water  in  the  reservoir  stood  at  an  elevation  of  ten  feet 
below  the  overflow  level  of  the  original  dam  and  twenty  feet 
below  the  waste  way  of  the  new  dam.  On  the  15th  day  of 
May,  the  water  had  risen  from  the  lowest  point  just  named 
to  elevation  54,  a  gain  in  depth  of  14  feet.  Yet  so  varying  is 
the  yield  of  a  given  watershed  that  it  is  not  possible  to  form- 
ulate any  rule,  even  with  all  the  data  relating  to  the  amount 
and  distribution  of  the  rainfall,  drainage  area,  storage  ca- 
pacity, and  draft  in  hand,  by  which  the  amount  of  water 
annually  available  for  use  above  the  outlet  level  of  the  reser- 
voir can  be  determined  with  precision.  These  combined 
sources  of  New  Britain  are,  however,  so  related  to  the  reser- 
voir that  it  will  be  found,  if  accurate  records  are  kept  here- 
after, that  the  range  of  fluctuation  in  Shuttle  Meadow 
reservoir  will  be  kept  within  extremes  nearer  together  than 
those  observed  in  the  past. 

As  a  natural  and  desirable  sequel  to  the  improvements  thus 
far  made,  it  is  believed  that  a  cleaning  of  the  shores  of  the 
reservoir  between  the  planes  of  high  and  low  water  will  re- 
sult in  an  appreciable  improvement  in  the  average  quality  of 
the  water.  The  removal  of  all  soluble  soils  and  vegetation 
around  the  lake  and  the  protection  of  the  steeper  slopes  by 
stone  ballasting,  are  the  principal  items  in  this  particular 
*  line. 

Nothing  has  contributed  more  to  the  successful  conduct 
of  the  improvements  described  above  than  the  unanimous 
and  hearty  support  on  the  part  of  the  Board  of  Water  Com- 
missioners, reinforced,  it  is  believed  by  public  opinion  and 
certainly  by  ofiicial  public  action.  From  the  inception  of  the 
work  at  the  hands  of  the  committee  in  1891  no  interference 
with  the  programme  of  work  has  been  made,  although  the 
earUer  portions  of  the  actual  construction  were  not  proceeded 
with  as  rapidly  as  they  might  have  been.  When  the  pro- 
ject is  considered  in  its  entirety,  it  is  easily  seen  that  no  item 
of  work  undertaken  could  have  been  omitted. 

The  dam  and  canal  together  with  the  waste-way  and  ap- 
proaches and  the  ballasting  of  the  reservoir  basin  were  done 
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by  contract  with  the  Troy  Public  Works  Co.,  of  Troy,  New 
York.  The  specifications  for  all  of  this  work,  and  which  be- 
came a  part  of  the  contract  upon  the  execution  of  the  latter^ 
were  rigidly  drawn,  and  to  no  other  part  of  the  arrangement 
is  more  credit  due  for  the  excellent  results  reached,  than  the 
efforts  constantly  put  forth  by  the  officials  and  foremen  of 
this  Company.  It  is  not  my  custom  to  issue  letters  of  recom- 
mendation which  might  be  interpreted  as  indicating  a  de- 
cided partiality  for  one  contractor  to  the  exclusion  of  others, 
as  current  events  are  constantly  showing  the  small  value 
which  recommendations,  honestly  given  in  some  instances, 
have.  So  I  will  not  at  this  time  express  any  further  appre- 
ciation of  the  work  done  by  the  Troy  Company.  You  will 
shortly  have  ample  opportunity  to  judge  for  yourselves  of  the 
competency  of  the  work.  If  you  find  flaws,  or  aught  to  criti- 
cise, you  are  respectfully  referred  to  Mr.  Richard  W.  Sher- 
man, the  President  of  the  Troy  Public  Works  Co.,  who  is 
present  with  us  to-day  to  face  the  verdict.  In  his  company 
I  can  also  single  out  Mr.  Charles  H.  Eglee,  who,  as  the 
contractor,  laid  the  new  24-inch  main  through  which  the 
improved  liquid  will  find  its  way  to  the  citizens  of  New 
Britain,  and  who  may  be  able  to  explain  to  you  why  his 
pipes  are  tight  instead  of  leaky.  From  what  has  been  said 
you  may  perhaps  infer  that  neither  of  these  contractors  are 
yet  upon  the  black  list  for  .poor  work. 

Only  a  limited  portion  of  the  work  done  in  improving  the 
water  supply  of  New  Britain  as  above  outlined  has  been  day- 
labor,  so  called,  as  it  has  been  the  belief  of  the  Commission- 
ers and  certainly  of  the  writer,  that  day-labor  is  too  costly  a  • 
method  to  be  enjoyed  at  the  public  expense.  There  are  in 
all  large  engineering  projects  certain  minor  and  irregular 
portions  of  the  work  which  can  best  be  done  by  day-labor, 
but  I  believe  that  a  competent  and  experienced  contractor 
can  so  organize  and  manage  his  working  forces,  tools,  ma- 
chinery and  supplies  that  he  can  conduct  the  operations  of 
construction  under  a  clearly  drawn  contract  to  better  advan- 
tage and  at  less  cost  to  the  municipality  which  may  elect  to 
employ  him.  This  view  has  been  held  throughout  by  the 
Water  Commissioners  in  this  case,  and  the  financial  results 
have  fully  justified  their  judgment  as  being  correct. 

I  wish  to  improve  this  opportunity  by  referring  to  the  con- 
nection  of  Mr.  Arthur  \V.  Rice,  C.  E.,  of  New  Britain,  a 
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member  of  your  Society,  with  this  project.  He  made  the 
surveys  upon  which  the  plans  were  based  and  faithfully  and 
in  a  painstaking  way  superintended  the  construction  of  the 
embankment  of  the  dam  and  the  superstructure  of  the  gate- 
house. He  spared  neither  time  nor  inclination,  and  to  him 
credit  is  due  for  the  stability  of  these  structures,  and  inqui- 
ries concerning  the  details  of  this  portion  of  the  work  should 
be  addressed  to  him. 

Mr.  President  and  Gentlemen: — I  wish  to  assure  you  of  my 
appreciation  of  this  opportunity  to  lay  before  you  this  brief 
and  incomplete  description  of  the  improvements  in  the  water 
supply  of  New  Britain.  As  it  is  not  probable  that  your  thirst 
for  knowledge  has  been  allayed  by  what  has  been  said,  I 
trust  you  will  not  hesitate,  either  collectively  or  individually, 
to  apply  the  inquisition  for  which  all  engineers  are  noted, 
and  it  will  give  me  pleasure  to  answer  any  and  all  questions 
which  may  suggest  themselves. 

As  a  proper  supplement  to  the  description  given,  we  have 
photographs  of  the  work  taken  at  various  stages  of  its  progress. 
The  work  is  about  two  weeks  behind  schedule  time.  I  prefer 
to  look  at  engineering  work  before  it  is  entirely  covered  up. 
It  is  far  enough  along  so  that  you  can  get  an  idea  of  the 
methods  employed. 

The  work  of  construction  was  beg^n  November  8, 1891,  and 
continued  till  January  20,  1892.  It  was  resumed  April  7, 
1892,  and  again  suspended  January  5,  1893.  It  was  again 
resumed  April  12,  1893,  and  will  probably  be  completed  about 
June  15,  1893. 

Mr.  Chandler. — Upon  what  theory  do  you  estimate  that 
the  highest  water  mark  will  never  be  more  than  seven  inches 
above  the  top  of  the  waste  way  ? 

Mr.  Blake. — It  is  based  upon  a  theory  formulated  from 
carefully  tabulated  records.  We  know  about  what  the  area 
of  the  surface  of  the  reservoir  will  be  at  its  maximum  height. 
We  also  know  the  area  of  the  entire  water-shed,  and  can 
compute  the  maximum  discharge  into  the  reservoir.  From 
these  data  I  think  it  can  be  shown  that  the  highest  water 
mark  will  never  be  higher  than  seven  inches  above  the  top 
when  the  constant  consumption  of  water  is  also  considered. 
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Mr. . — On  what  rate  of  consumption  do  you  base  your 

estimate  of  the  water  supply  for  30,000  persons  ? 

Mr.  Blake. — Eighty  gallons  of  water  per  diem  for  each 
person. 

Mr.  Bunce. — Will  you  please  state  the  sources  of  your 
supply  ? 

Mr.  Blake. — We  do  not  consider  the  reservoir  itself  a  pro- 
ductive source  of  supply.  The  water-shed  area,  exclusive  of 
the  surface  of  the  reservoir,  is  about  two  and  one-half  square 
miles. 

Mr.  Bunce. — Do  you  depend  upon  the  available  rainfall 
of  that  area  of  water-shed  for  a  supply  ? 

Mr.  Blake. — Of  course  I  take  into  consideration  the  stor- 
age capacity.  Taking  the  records  of  rainfall  from  1857,  an 
average  annual  supply  can  be  estimated. 

Mr.  Bunce. — What  do  you  consider  the  average  annual 
available  rainfall  ? 

Mr.  Blake. — The  minimum  is  taken  at  21  inches.  This  is 
based  upon  an  average  yearly  rainfall  of  forty  inches.  The 
percentage  of  the  rainfall  available  from  a  water-shed 
depends  upon  the  quantity  that  soaks  into  the  ground.  It  is 
not  sufficient  to  know  that  there  was  a  supply  of  28  inches  in 
one  year.  The  distribution  must  be  determined,  and  this  de- 
pends upon  the  amount  of  water  in  the  ground  when  a  given 
rainfall  occurs.  From  these  various  data,  the  average  avail- 
able supply  can  be  estimated.  This  would  probably  not  be 
less  than  55  per  cent,  of  the  average  rainfall.  Allowance 
must  be  made  for  the  steepness  of  the  slopes  of  the  water- 
shed. In  this  case  there  will  probably  be  a  yield  of  about  80 
per  cent,  of  any  given  rainfall.  The  canals  act  similarly 
to  the  gutters  on  the  roof  of  a  house,  intercepting  the  surface 
water  and  water  of  streams  and  conveying  it  to  the  res 
ervoir. 

Mr.  Bunce. — How  much  water  will  the  reservoir  contain  ? 

Mr.  Blake. — About  one  and  one-fourth  billion  gallons. 

Mr.  Chandler. — Will  there  not  be  some  loss  of  water  from 
the  canals  ? 
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Mr.  Blake. — When  the  depth  of  water  in  the  canals  does 
not  exceed  four  feet,  they  will  carry  most  of  it  into  the  reser- 
voir. We  intend  to  make  the  banks  of  the  canals  as  nearly 
water-tight  as  practicable. 

Mr. . — Will  you  state  again  how  the  concrete  used  in 

the  core  wall  of  the  dam  was  made  ? 

Mr.  Blake. — It  is  what  may  properly  be  called  hand-made 
concrete.  After  the  mould-boards,  12  inches  in  height,  were 
placed,  the  matrix  was  mixed  on  the  bank,  one  part  of  cement 
to  one  part  of  sand,  mixed  as  dry  as  it  could  be  worked  and 
deposited  on  the  surface  between  the  mould-boards.  Stones, 
perfectly  clean  and  of  suitable  size  were  laid  by  hand  into 
the  mortar  without  bonding,  and  bedded  with  a  mason's  light 
hammer. 

Mr. . — Did  you  pour  in  any  mortar  or  grout  between 

the  mould-boards  ? 

Mr.  Blake. — No;  the  mortar  was  put  in  with  a  trowel,  and 
the  stones  were  put  into  the  mortar  by  hand.  It  is  hand- 
made concrete,  no  attempt  having  been  made  to  bond  the 
stones.  Stone  masonry  should  be  so  laid  that,  if  all  the 
mortar  were  removed,  the  wall  would  stand. 

Mr.  Bunce  Do  you  think  it  advisable  to  make  the  mortar 
as  rich  as  one  to  one  ? 

Mr.  Blake. — I  have  used  a  great  many  thousand  barrels 
of  cement,  and  I  am  inclined  to  make  the  mortar  rich  rather 
than  otherwise.  We  have  used  the  F.  O.  Norton  brand  of 
cement,  which  has  given  better  satisfaction  than  any  other 
kind. 

Mr.  Bunce. — I  have  reached  the  same  conclusion  from  my 
own  experience.  Do  you  consider  this  kind  of  a  core  wall 
more  nearly  impervious  than  an  ordinary  concrete  wall  ?  It 
must  be  more  expensive  than  the  ordinary  concrete. 

Mr.  Blake. — Such  concrete  costs  about  40  per  cent,  more 
than  ordinary  concrete,  but  it  is  superior  to  any  other.  I 
have  torn  down  walls  of  both  kinds.  I  never  found  a  mixed 
concrete  that  was  uniform.  In  this  case  the  stones  were 
angular,  one  dimension  being  longer  than  the  others.  I  have 
used  it  in  walls  48  feet  high,  and  have  never  known  water  to 
penetrate  it. 
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Mr.  Bunce. — Please  state  the  dimensions  of  this  wall. 

Mr.  Blake.— The  thickness  of  the  wall  proper,  one  foot 
above  the  base,  is  about  eight  or  eight  and  one-half  feet;  at 
the  top,  two  and  one-half  feet.  The  average  height  is  about 
21  feet. 

Mr.  Loomis. — What  is  the  greatest  height  of  the  wall  ? 

Mr.  Blake. — About  42  feet  at  the  lowest  point. 

Mr.  Loomis. — ^What  is  the  average  depth  of  water  ? 

Mr.  Blake. — Eighteen  or  nineteen  feet. 

Mr.  Loomis. — What  is  the  height  of  the  top  of  the  core  wall 
relative  to  the  surface  of  the  reservoir  when  full  ? 

Mr.  Blake. — The  top  of  the  wall  is  one  foot  above  the  level 
of  the  reservoir  when  full. 

Mr.  Loomis. — Only  one  foot  above  high  water  mark  ? 

Mr.  Blake. — Only  one  foot.  The  thickness  of  the  dam  at 
the  wash-line  is  38  feet.  Waves  five  and  one-half  or  six  feet 
high  will  wash  twelve  or  thirteen  feet  on  the  face  of  the  dam. 
The  top  of  the  embankment  is  six  feet  above  high  water 
mark. 
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RENI  ARKS 


-ON  THE  — 


New  Britain  Reservoir  and  Dam. 

By  t.  h.  Mckenzie, 

One  of  the  State  Engineers  for  the  Inspection  of  Dams. 


I  have  been  very  favorably  impressed  with  the  good  judg- 
ment of  the  New  Britain  Water  Commissioners  and  City 
Council— guided,  of  course,  by  the  advice  of  an  able  engineer, 
in  the  matter  of  determining  the  method  for  obtaining  an 
increased  water  supply.  I  desire  to  commend  the  wisdom 
of  their  decision  to  gather  the  almost  unpolluted  water 
from  the  watershed  of  the  mountain,  and  to  expend  a  large 
sum  of  money  in  the  first  cost  of  the  works  rather  than  to 
adopt  the  cheaper  method  of  pumping  from  some  stream 
or  pond  in  the  valley,  where  the  waters  are  liable  to  pollu- 
tion from  various  causes. 

One  not  experienced  in  the  designing  and  construction  of 
public  water  supplies  might,  on  looking  over  these  wt)rks, 
get  the  impression  that  too  large  an  amount  of  money  was 
being  expended  in  developing  and  utilizing  a  limited  area  of 
watershed;  but  an  engineer  accustomed  to  taking  account 
of  every  element  of  cost  in  a  water  supply,  and  giving  due 
consideration  to  the  durability  and  automatic  operation  of 
the  works,  can  at  once  appreciate  the  wisdom  of  the  plan 
adopted. 

In  comparing  the  relative  cost  of  the  various  methods  of 
increasing  a  public  water  supply,  there  is  one  element  which 
the  average  councilman  absolutely  refuses  to  consider  as  an 
item  of  cost;  that  is,  the  capital  needed  to  erect,  operate,  and 
keep  in  repair  the  buildings  and  machinery  of  a  pumping 
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plant.  Even  at  the  present  low  rates  of  interest,  this  item  is 
worthy  of  serious  consideration.  Let  me  give  an  illustration 
of  this  fact.  I  was  called  on  about  three  years  ago  to  make 
the  necessary  surveys  and  estimates,  and  recommend  a  plan 
for  an  increased  water  supply  for  a  thriving  Connecticut  city. 
Several  sources  of  supply  were  under  consideration,  two  of 
which  were  particularly  desirable — one  as  a  gravity  supply, 
and  the  other  as  a  pump  supply.  The  amount  of  water 
available  and  the  head,  or  pressure,  were  about  the  same 
from  each  of  the  two  sources.  The  estimated  cost  of  the 
gravity  supply  was  $320,000,  which  included  $120,000  for 
water-power  rights;  of  the  supply  by  pumping,  $210,000  for 
actual  construction,  and  $236,000  as  a  capitalization  at  five 
per  cent,  of  the  cost  of  pumping,  making  a  total  estimate 
of  $446,000.  The  committee  to  whom  this  report  was  made 
ignored  the  item  of  capitalization  of  the  cost  of  pumping, 
and  presented  a  report  to  the  city  showing  $110,000  in 
favor  of  pumping.  Their  report  and  recommendations  were 
adopted.  With  capitalization  at  four  per  cent,  interest,  which 
is  the  ordinary  rate  of  to-day,  the  greater  cost  of  gravity 
works  is  of  minor  importance. 

The  additional  watershed  made  available  at  New  Britain 
by  means  of  the  two  canals  yields  about  1,500,000  gallons  per 
day.  The  cost  of  pumping  1,500,000  gallons  to  a  height  of 
180  feet,  on  the  basis  of  1,000,000  gallons  raised  to  a  height 
of  100  feet  for  $12,  is  $32.40  per  day,  and  for  365  days  it  is 
$11,826.  At  four  per  cent,  this  requires  a  capital  of 
$295,650. 

In  the  case  of  New  Britain,  the  total  cost  of  the  new  dam, 
including  gatehouse  and  land,  is  about  $60,000.  About 
$30,000  of  this  amount  would  be  chargeable  to  storage  of 
water  discharged  into  the  reservoir  by  the  two  canals,  which 
added  to  the  cost  of  the  canals,  about  $75,000,  would  give 
$105,000  as  the  total  cost  of  the  additional  supply  of  one  and 
one-half  million  gallons  daily.  This  would  make  a  showing 
in  favor  of  the  gravity  system,  by  means  of  canals  and  reser- 
vior,  of  $190,000. 

In  this  calculation  I  have  made  no  allowance  for  the  orig- 
inal cost  of  a  pumping  plant  or  the  depreciation  in  value  of 
machinery.      If  these  items  were  taken  into  account,  as  they 
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should  be,  the  comparative  cost  of  the  canals  and  gravity 
system  which  has  been  adopted,  would  be  much  more  favor- 
able to  the  latter. 

In  the  designing  of  a  public  water-supply,  the  methods  and 
plans  adopted  should  be  with  reference  to  durability,  and  to 
economy  of  operation.  Whenever  practicable  the  delivery  of 
water  should  be  entirely  by  gravity. 

Dams  entirely  of  earth,  or  of  earth  with  masonry  core-walls, 
proper  provision  for  safety  in  case  of  overflow  being  made; 
and  canals  with  easy  grades  and  curves,  the  curves  having 
flat  slopes  properly  paved,  would  seem  to  be  best  and  most 
durable. 

The  new  dam  at  Shuttle  Meadow  has  been  so  fully  described 
in  all  its  details  by  the  Chief  Engineer,  that  but  little  room 
is  left  for  comment;  however,  there  are  some  points  of  excel- 
lence in  the  construction  of  the  core-wall  that  are  worthy  of 
special  commendation. 

My  connection  with  the  dam  has  been  as  State  Engineer,  to 
inspect  and  approve  the  plans  and  workmanship  of  the  same. 

As  you  view  the  dam  to-day  you  will  see  only  evidences 
of  efficient  and  faithful  workmanship.  The  leakage  through 
the  dam  and  the  soakage  around  it  have  been  both  reduced 
to  a  minimum. 

The  core-wall  in  the  center  of  the  dam  is  one  of  the  best 
water-tight  walls  I  have  ever  seen.  No  grouting  or  con- 
crete was  used  in  the  wall.  Every  stone,  after  being 
thoroughly  cleaned,  was  laid  in  a  full  bed  of  cement  mortar 
and  pounded  down.  This  method  I  believe  to  be  the  only 
practicable  way  of  constructing  a  water-tight  wall.  Many  en- 
gineers are  continually  trying  the  old  method  of  grouting  a 
core- wall,  or  of  laying  the  outside  courses  in  mortar  and  grout- 
ing the  center;  but  I  have  never  known  grouted  masonry  to 
give  as  good  satisfaction  as  the  method  here  adopted.  In  the 
construction  of  the  inner  slope  of  the  embankment,  great 
care  was  exercised  in  the  selection  and  placing  of  the  material. 
It  was  rolled  in  eight-inch  layers. 

The  slopes  of  the  dam  are  two  to  one  on  the  inner  slope, 
and  one  and  eight-tenths  to  one  on  the  outer  one.  Protected 
as  these  are  with  paving  on  the  inner  slope,  and  turfing  on 
the  outer  one,  I  believe  that  they  will  do  efficient  service. 
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Without  such  protection  they  could  not  be  expected  to  with- 
stand the  action  of  the  water  and  the  weather.  The  good 
results  at  this  dam  afford  a  striking  illustration  of  what  can 
be  accomplished  by  a  proper  combination  of  an  honest  and 
well-paid  contractor,  and  faithful  engineering  inspection  and 
supervision  of  the  work,  together  with  the  loyal  support  of 
a  Municipal  Board  able  and  willing  to  foot  the  bills. 
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Tenth  Annual  Meetino 

—OF   THE —   . 

Connecticut  Association 

— OF — 

Civil  Engineers  and  Surveyors, 

— HELD   AT  THE — 

Common  Council  Chamber,  City  Hall,  in  Hartford, 

January  9th,  1894. 

The  meeting  was  called  to  order  at  10:30  a.  m.,  by  President 
Augur. 

The  minutes  of  the  last  annual  meeting  and  of  the  spring 
meeting  at  New  Britain  having  been  printed  and  distributed, 
it  was  voted  to  dispense  with  their  reading. 

The  Secretary,  Mr.  A.  R.  Wadsworth,  then  presented  his 
report  for  the  year. 


SECRETARY'S  REPORT. 


To  the  Officers  and  Members  of  the  Connecticut  Association  of 
Civil  Engineers  and  Surveyors: 
Gentlemen:— Since  the  last  Annual  Meeting  the  proceed- 
ings of  the  Society  have  been  collated,  printed  and  distributed 
to  the  members,  as  well  as  sent  to  the  different  Engineering 
Societies  with  whom  we  have  exchanges.  Reports  from 
nearly  all  of  these  societies  have  been  received  in  return  and 
forwarded  to  the  members  of  this  Association.  The  adver- 
tisements which  helped  so  much  last  year  to  defray  the 
expenses  of  the  publication  of  the  Association  Reports  were 
this  year  greatly  reduced,  being  little  more  than  one-half  as 
much.    The  minutes  and  papers  of  the  spring  meeting  at 
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New  Britain  have  been  published  and  placed  in  the  mem- 
bers* hands,  entailing  a  moderate  extra  expense  for  printing 
and  distribution.  They  will  also  be  included  in  the  Annual 
Report. 

A  very  encouraging  sign  is  the  willingness  and  promptness 
shown  by  a  majority  of  the  members  in  paying  their  dues, 
during  the  last  year  the  proportion  being  larger  than  for 
several  years  past. 

The  Secretary  would  suggest  that  a  committee  be  ap- 
pointed to  revise  the  list  of  membership,  as  it  seems  to  him 
there  are  many  who  receive  the  benefits  without  bearing  any 
portion  of  the  burdens  of  the  Association's  maintenance. 

The  Secretary  would  acknowledge  the  valuable  aid  and 
assistance  he  has  received  from  the  President  during  the 
past  year  in  the  preparation  and  printing  of  the  reports. 
Respectfully  submitted, 

A.  R.  WADSWORTH,  Secretary. 

Farmington,  Conn.,  January  9,  1894. 

It  was  voted  that  the  report  be  accepted,  ordered  on  file 
and  printed  in  the  Ailnual  Report. 

The  Treasurer,  Mr.  A.  R.  Wadsworth,  then  presented  his 
report  for  the  year. 


TREASURER'S  REPORT. 


receipts. 

Balance  on  hand  Jan.  10,  1893,  -        -        -        -  $135  76 

Received  membership  fees,  1891,         -        -        -  600 

Received  membership  fees,  1892,        -        -        -  15  00 

Received  membership  fees,  1893,         •        -        -  144  00 

Received  sundries,  1893, i  75 

Received  advertisements,  1893,  -        -        -        -  66  00 

Total, $368  51 

DISBURSEMENTS. 

Hall  rent, $2  00 

Printing, 205  27 

Envelopes,  stamps,-  etc., 22  09 

Stenographer, 23  37 

Express, 600 

Books, 6  65 

A.  R.  Wadsworth,  Secretary  and  Treasurer,       -  25  00 

Total, $290  38 

Balance  on  hand  January  9,  1893,       .....        $78  13 

A.  R.  WADSWORTH.   Treasttrtr. 
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It  was  voted  that  the  report  be  accepted,  ordered  on  file 
and  printed  in  the  Annual  Report. 

The  Executive  Committee  presented  the  following  certifi- 
cate of  examination  and  approval  of  the  Treasurer's  accounts. 


Hartford,  Conn.,  January  9,  1894. 

This  certifies  that  we  have  examined  the  accounts  of  A.  R.  Wadsworth, 
Treasurer  of  the  Connecticut  Association  of  Civil  Engineers  and  Sur\'eyors  for 
the  year  ending  Jan.  9,  1894,  comparing  the  expenditures  with  the  vouchers 
rendered  therefor,  and  find  the  same  to  be  correct. 

We  also  find  the  balance  on  hand,  according  to  account  in  State  Bank, 
Hartford,  is  $78.13,  the  same  as  balance  called  for  by  the  Treasurer. 

E.  P.  Augur,  )  a  Majority 

C.  H.  BUNCE,  V  0/  the 


T.  H.  McKenzie,      )    Executive  Committee, 


It  was  voted  that  this  report  be  accepted  and  ordered 
printed  in  the  Annual  Report. 

In  accordance  with  the  suggestion  of  the  Secretary,  it 
appearing  from  his  report  that  there  were  many  members 
whose  annual  dues  remained  unpaid,  it  was  voted  that  the 
revision  and  correction  of  the  roll  of  membership  of  the  As- 
sociation be  referred  to  the  Executive  Committee. 

Mr.  W.  H.  Olmsted,  in  behalf  of  the  "Special  Committee 
to  aid  in  promoting  legislation  in  favor  of  better  roads,*'  pre- 
sented their  report.  It  was  voted  that  this  report  be  accepted 
and,  together  with  a  copy  of  the  proposed  bill,  be  printed  in 
the  Annual  Report. 
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Report  of  Special  Committee  to  Aid  in  Promoting  Legisla- 
tion IN  Favor  of  Better  Roads. 


To  the  Connecticut  Association  of  Civil  Engineers  and  Sur- 
veyors-, 
Soon  after  their  appointment  your  committee  met  for  a 
brief  conference.  It  was  decided  to  accept  an  invitation 
which  had  been  received  from  the  State  Board  of  Trade,  to 
be  present  at  their  annual  meeting,  to  be  held  in  Bridgeport, 
Conn.,  where  the  subject  was  to  be  presented.  Two  mem- 
bers of  your  committee  attended  this  meeting.  The  draft  of 
a  bill  to  be  brought  before  the  State  Legislature  was  pre- 
sented by  a  committee  of  the  State  Board  of  Trade,  briefly 
discussed  and  adopted.  We  were  lookers  on.  Soon  after  the 
organization  of  the  Legislature  we  were  called  in  conference 
with  a  committee  of  the  State  Board  of  Trade,  committee  of 
State  League  of  American  Wheelmen  and  committee  of  State 
Board  of  Agriculture,  to  put  a  bill  in  proper  shape  for  pre- 
sentation before  the  Legislature.  The  Board  of  Trade 
offered  their  bill,  which  had  been  adopted  at  Bridgeport. 
It  was  vigorously  discussed,  amended  in  some  particulars 
and  adopted.  It  was  introduced  in  the  House  and  referred 
to  the  Committee  on  Roads  and  Bridges.  This  committee 
held  two  public  hearings  on  the  bill  in  the  Representatives 
Chamber,  which  were  very  largely  attended  and  the  general 
features  of  the  bill  enthusiastically  indorsed,  very  little  oppo- 
sition being  developed.  Differences  of  opinion  in  regard  to 
certain  details  of  the  bill  were  taken  under  consideration  by 
the  Legislative  Committee,  and  they  finally,  late  in  the  ses- 
sion, presented  a  substitute  bill  which  more  generally  coin- 
cided with  the  views  of  your  committee,  a  copy  of  which  is 
herewith  submitted.  The  bill  was  ably  presented  and  advo- 
cated before  the  House,  but  failed  to  pass.  The  very  general 
interest  in  the  subject  throughout  the  State  leads  us  to  think 
that  at  the  next  session  of  the  Legislature  this  important 
matter  will  be  carried  through  to  success. 

Signed^ 

E.  P.  Augur, 
Robert  A.  Cairns, 
William  H.  Olmsted. 
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Substitute  for  House  Bills  Nos.  133,  142,  and  312. 
STATE  OF  CONNECTICUT. 

HOUSE  OF  REPRESENTATIVES. 

HousH  OF  Rbprbsrntativbs,  June  8,  1893.  The  Committee  on  Roads  and  Bridges 
reported  throuieh  Mr.  Tlttlk  of  East  Haven,  Chairman  of  the  Committee  on  the  part  of  the 
HooAe,  that  the  Substitute  Bill  ought  to  pass. 

AN  ACT 

CONXERNING  COMMON  ROADS  AND  HIGHWAYS. 

General  Assembly, 

January  Session,  A.  D.  1893. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  in  General  Assembly 
convened: 

Sec.  I.  There  shall  be  appointed  by  the  governor  with  the  advice  and  con- 
sent of  the  senate,  four  highway  commissioners,  one  of  whom  shall  be  a  civil 
engineer,  whose  terms  of  office  shall  expire  on  the  first  Wednesday  in  February, 
1895.  If  any  vacancies  shall  occur  in  the  board,  the  governor  shall  appoint  a 
highway  commissioner  to  fill  such  vacancy  for  the  remainder  of  the  term.  The 
commissioners  appointed  aforesaid,  together  with  the  governor,  shall  constitute 
said  board  of  highway  commissioners,  and  the  governor  shall  be  president  of 
said  board. 

Sec.  2.  Said  commission  may  establish  rules  and  regulations  for  the  conduct 
of  its  business,  and  shall  be  provided  with  suitable  quarters  by  the  comptroller 
in  the  capitol.  The  members  of  said  board,  except  the  governor,  shall  receive 
as  compensation  for  the  services  of  such  four  members,  a  sum  not  exceeding  five 
thousand  dollars  a  year,  and  each  member  of  said  board  shall  receive  his  actual 
expenses  while  officially  employed.  One  of  the  members  of  said  board  shall  act 
as  clerk  thereof. 

Sec.  3.  Said  commission  shall  forthwith  proceed  to  investigate  and  consider 
the  best  and  most  practical  manner  of  the  construction  and  maintenance  of 
highways  and  the  various  methods  and  systems  for  the  establishment  of  such 
highways  and  their  construction  and  the  approximate  cost;  also  the  geological 
formation,  so  far  as  it  relates  to  the  material  suitable  and  proper  for  road  build- 
ing. Said  commission  shall  prepare  suitable  maps  and  plans  on  which  shall  be 
clearly  drawn  the  various  routes  they  recommend. 

Sec.  4.  Upon  qualificatiom  by  the  commissioners  by  making  oath  or  affirma- 
tion to  perform  the  duties  of  the  office  justly  and  in  accordance  with  law,  said 
board  shall  proceed  to  elect  a  clerk  from  among  their  number,  and  to  classify 
the  highways  of  the  state,  and  shall  determine  what  highways  shall  be  and  be 
deemed  state  highways,  to  be  treated  as  hereinafter  provided.  Said  highways 
shall  be  those,  which  by  reason  of  their  connection  and  extension  in  the  same 
general  direction,  afford  a  continuous  and  popular  line  of  travel  between  ship- 
ping points  and  distributing  centers. 

Sec.  5.  All  officers  having  authority  over  the  public  roads,  ways,  and  bridges 
throughout  the  state,  shall,  at  reasonable  times,  on  request  from  the  commis- 
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sioncrs,  give  any  information  required  by  them  on  roads,  wa>'s,  and  bridges 
within  their  jurisdiction.  Said  commission  shall  report  their  plans,  maps,  and 
recommendations  to  the  general  assembly  on  the  last  Wednesday  in  January. 
1895,  and  shall  append  to  its  reports  a  draft  of  the  bill  intended  to  accomplish 
the  recommendations  of  the  commission. 

Sec.  6.     Said  board  shall  build  during  their  term  of  office,  certain  portions  of 
state  highways,  to  be  called  model  state  highways,  in  the  following  manner: 
Whenever,  during  said  term  of  two  years,   the  senators  and  representatives  of 
any  county  shall  appropriate  from  the  county  treasury  thirty-five  per  centum  of 
the  cost  of  surveying  and  constructing  a  model  state  highway  five  miles  in  length, 
except  for  bridges,  changes  in  layout  and  land  damages,  in  such  county,  as  esti- 
mated by  said  board,  said  board  shall  immediately  designate  were  said  model 
state  highway  shall  be  located  in  such  county,  and  shall  forthwith  provide  for 
the  improvement  and  development  of  such  model  state  highway,  and  shall  provide 
surveys  and  specifications,  and  when  necessary,  profiles,  of  any  and  all  changes 
in  the  existing  highways,  and  for  the  layout  of  new  highways  to  carry  out  such 
improvements  and  developments.     The  board  shall  notify  the  municipal  author- 
ities having  charge  of  the  highways  in  each  town  in  which  such  improvement  is 
to  be  made  of  such  proposed  improvement,  and  after  the  plans  of  such  impTO\'c- 
ment  have  been  exhibited  to  such  municipal  authorities,  and  after  hearing  any 
and  all  offered  objections  and  suggestions,  the  board  may  finally  determine  the 
course,  route,  width,  paving,  and  all  other  characteristics  of  the  highway  to  be 
improved,  developed,  or  laid  out.     Said  municipal  authorities  shall  provide  all 
bridges  upon  the  model  state  highways  called  for  by  said  plans;  and  any  change 
in  layout  or  widening  of  such  highways  shall  be  made  by  and  at  the  expense  of  the 
town  in  which  said  highway  is  located;  and  when  additional  land  is  needed  for 
such  improvement,  the  selectmen  of  the  town  shall  at  once  proceed  to  acquire 
the  same  by  purchase  or  in  accordance  with  the  provisions  of  section  2699  of 
the  general  statutes,  except  that  there  shall  be  no  need  of  acceptance  of  the  lay- 
out by  the  towns.     All  specifications  approved  by  the  board  shall  require  the 
construction  of  a  macadamized,  telford,  or  other  stone  road,  which  will  at  all 
seasons  of  the  year  be  firm,  smooth,  and  convenient  for  travel,  and  such  specifi- 
cations shall  require  a  wagon  path  at  least  sixteen  feet  in  width;  provided,  Avw^ 
ever,  that  in  exceptional  cases,  and  for  cause,  the  board  may  order  for  such  con- 
struction the  substitution  of  gravel  or  other  material.     No  county  shall  have 
more  than  one  such  model  state  highway. 

Sec.  7.  The  board  may  make  any  and  all  improvements  provided  for  in  the 
preceding  section,  by  contract,  but  all  contracts  made  shall  be  offered  to  fair 
competition,  preference,  if  any,  being  given  to  the  authorities  of  the  town 
through  which  said  road  passes.  Said  contracts  shall  provide  for  the  indemnity 
against  accident  and  damages  during  construction;  and  the  board  may  appoint 
when  necessary,  an  inspector  or  superintendent  of  the  work. 

Sec.  8.  Upon  the  completion  of  a  model  state  highway  in  any  county,  said 
thirty-five  per  centum  of  total  cost  of  surveying,  constructing,  improving,  and 
developing  the  same,  except  for  bridges,  changes  of  layout,  and  land  damages, 
shall  be  paid  by  said  county  to  the  treasurer  of  the  state  for  the  use  of  the  suic, 
and,  if  necessary,  the  senators  and  representatives  of  such  county  shall  impose 
and  collect  a  tax  therefor,  in  the  manner  provided  in  section  1983  of  the  general 
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Statutes.  Sixty-five  per  centum  of  the  total  cost  of  such  survey,  construction, 
improvement,  and  development,  shall  be  paid  by  the  state  upon  the  approval  of 
the  bills  by  the  board. 

Sec.  9.  The  board,  in  establishing  state  highways  and  improving  the  same 
in  the  manner  provided  above,  shall  regard  the  claims  of  all  parts  of  the  state 
and  all  parts  of  each  county  so  far  as  the  same  may  be  done  consistently  with 
the  demands  of  public  convenience  and  necessity. 

Sec.  10.  The  board  in  providing  for  the  improvement,  or  development,  or 
layout  of  the  model  state  highways,  may  make  any  and  all  orders  in  the  premises 
which  it  may  deem  proper,  and  if  any  such  order  be  directed  to  the  municipal 
authorities  of  any  town,  it  shall  be  the  duty  of  such  authorities  to  comply  with 
and  carry  out  such  order.  The  board  shall  have  any  and  all  powers  incident  to 
the  duties  aforesaid,  or  necessary  to  carry  out  in  a  proper  and  effective  manner 
the  provisions  and  purpose  of  this  act ;  and  the  superior  court  is  hereby  fully  em- 
powered upon  proper  proceedings,  brought  by  or  at  the  instance  of  said  com- 
missioners to  enforce  by  mandamus  or  otherwise  the  orders  of  said  commipion- 
ers  made  under  the  authority  of  this  act. 

Sec.  ri.  Said  model  highways  shall  be  maintained  by  the  state,  and  for  the 
maintenance  of  the  same  the  board  shall  contract  with  the  city  or  town  in  which 
such  highway  lies,  or  a  person,  firm,  or  corporation,  for  the  keeping  in  repair  and 
maintaining  such  highway,  in  accordance  with  the  rules  and  regulations  of  said 
board  and  subject  to  their  supervision  and  approval. 

Sec.  12.  The  state  shall  not  be  liable  for  injuries  to  persons  or  property  ac- 
cruing through  a  defect  or  want  of  repair,  or  of  sufficient  railing  in  or  upon  any 
model  state  highway,  but  the  city  or  town  in  which  such  highway  is  situated 
shall  be  liable  the  same  as  for  injuries  accruing  upon  other  public  highways. 

Sec.  13.     This  act  shall  take  effect  upon  its  passage. 


Owing  to  the  absence  of  a  constitutional  quorum,  it  was 
voted  to  postpone  the  election- of  officers  till  a  later  hour  and 
to  proceed  with  other  items  of  the  programme.  President 
Augur  then  said,  **  One  or  two  papers,  in  addition  to  those 
on  the  programme,  had  been  expected,  but  as  they  could  not 
be  ready  for  this  meeting  w^e  decided,  as  a  courtesy  to  our 
advertisers  and  a  corresponding'  benefit  to  the  members,  to 
invite  an  exhibition  of  instruments  of  novel  design  or  supe- 
rior excellence  and  of  general  interest,  and  we  shall  now 
devote  a  short  time  to  this  purpose." 

Mr.  Edgar  Clark  then  exhibited  and  explained  in  detail  an 
improvement  on  his  pantograph,  previously  exhibited  at  the 
,New  Britain  meeting,  consisting  mainly  in  dispensing  with 
castors  or  any  supports  that  would  catch  on  a  riiler  lying 
upon  the  paper,  also  in  adopting  a  single  arm,  24  inches  long, 
graduated  to  one-hundredths,  placed  upon  the  same  side  as 
the  tracer 
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At  the  New  Britain  meeting  Mr.  Clark  also  read  a  paper 
on  blue  prints  and  explained  how  a  print,  too  large  for  the 
frame  might  be  made.  To  illustrate  the  process  Mr.  Augur 
showed  a  print  made  with  two  exposures  by  folding  the  print 
inside  the  paper  and  exposing  one  side  at  a  time,  taking  care 
to  cover  the  back  of  the  first  exposure  with  opaque  paper. 

Mr.  Lawton  showed  a  blue  crayon  which  he  had  used  for 
marking  stakes  which,  in  his  opiiiion,  made  a  mark  that  lasts 
much  longer  than  those  made  with  the  common  red  crayon. 
It  is  manufactured  by  the  Dixon  Crucible  Company,  of 
Newark,  N.  J. 

Mr.  Johnson  said  he  had  used  red  chalk  and  marks  that  he 
had  made  four  years  ago  are  still  bright  and  clear.  In  pur- 
chasing, test  it  with  a  knife  and  choose  a  soft  piece. 


'*The  New  Incandescent  Arc  Light." 

In  bringing  this  to  the  notice  of  the  meeting,  Mr.  Bunce 
said,  I  am  aware  that  I  am  proposing  to  travel  beyond  the 
strict  limits  of  our  Association,  but  my  excuse  is  that  we  all 
recognize  the  important  place  that  electrical  engineering  is 
taking  in  modern  times;  and  further,  that  as  so  many  of  you 
are  city  engineers,  any  improvement  in  municipal  lighting 
can  not  fail  of  being  of  interest  to  you. 

This  little  device  which  I  have  in  my  hand,  it  seems  to  me, 
is  bound  to  be  of  great  importance  in  electric  arc  lighting. 
In  the  use  of  the  open  arc  for  street  or  commercial  lighting, 
there  are  certain  recognized  objections,  one  of  which  is  the 
necessity  for  the  frequent  trimming  of  the  light.  The  carbon 
burned  in  the  open  air  lasts  "only  eight  or  ten  hours,  so  that 
an  inspection  and  renewal  of  the  trimming  on  a  single  lamp 
becomes  necessary  during  the  night.  Another  objection  in 
its  commercial  use  is  the  liability  of  flying  sparks  causing 
fires;  in  fact,  we  have  had,  within  a  very  short  time,  two  fires 
in  clothing  stores  directly  traceable  to  this  cause.  The  de- 
vice I  have  here  is  an  invention  combining  the  advantages  of 
the  incandescent  and  arc  lights.  It  consists  of  a  glass  cylinder, 
closed  on  the  bottom  with  a  metal  cap  which  acts  as  a  holder 
for  the  negative  carbon;  between  the  metal  and  the  glass  is 
an  asbestos  ring  to  protect  the  glass  and  render  the  bottom 
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of  the  cylinder  air  tight.  The  opening  in  the  top  of  the 
cylinder  is  also  closed  with  a  metal  plug,  surrounded  with  an 
asbestos  thimble.  All  the  metal  used  in  connection  with  this 
cylinder  is  of  a  peculiar  and  secret  composition,  as  it  is  abso- 
lutely necessary  that  no  deleterious  gases  shall  be  generated 
by  the  great  heat  to  form  a  coating  on  the  inside  unfavorable 
to  the  free  dissemination  of  the  light. 

Through  the  top  plug  is  a  hole  slightly  larger  in  diameter 
than  the  carbon,  through  which  the  positive  carbon  is  fed. 
The  ordinary  carbons,  commonly  used  in  the  open  arc,  gen- 
erate gases  which,  set  free,  would  make  a  dark  deposit  on  the 
glass,  and  consequently  are  unfit  for  use  with  this  device,  so 
that  the  carbon  also  is  of  special  composition  and  of  the 
purest  quality  and  finest  texture,  combined  with  certain  in- 
gredients calculated  to  generate  a  gas  that  shall  slightly  coat 
the  cylinder,  making  the  whole  bulb  appear  a  luminous  body. 
In  the  top  plug  is  a  very  small  valve  which  acts  automati- 
cally to  allow  the  escape  of  any  overplus  of  gas.  This  device 
is  adjustable  to  any  arc  light,  being  inserted  in  the  holder  for 
the  ordinary  negative  carbon. 

The  advantages  claimed  for  this  invention  are: 

First.     A  steady  and  noiseless  light  with  better  diffusion. 

Second.  Saving  in  carbons  and  trimming.  With  tkis 
deviee  a  pair  of  carbons  will  burn  from  70  to  100  hours,  and 
when  placed  upon  a  street  light,  instead  of  having  to  be 
trimmed  ever>^  day  and  often  in  the  night,  it  is  good  for  from 
five  to  seven  days;  certainly  a  great  saving  in  the  care  of  the 
lamp. 

Third.  In  its  use  on  a  commercial  light,  it  is  claimed  and 
acknowledged  to  be  a  perfect  spark  arrester.  The  disintegra- 
tion is  so  slow  that  no  sparks  are  generated,  and  even  if  for 
any  cause  a  chip  should  be  broken  off,  it  would  fall  to  the 
bottom  of  the  cylinder  and  remain  there  without  any  possi- 
bility of  harm.  The  upper  carbon  is  twice  the  length  of  the 
lower,  so  when  the  negative  is  consumed  the  remainder  of 
the  positive  is  reversed  and  is  used  for  a  new  negative.  I 
have  not  brought  this  device  before  you  to  advertise  it  in  the 
way  of  trade,  but  simply  to  bring  to  your  notice  what  has 
seemed  to  me  a  very  valuable  improvement  in  arc  lighting. 

A  representative  of  Buff  &  Berger  was  present  with  a  very 
fine  exhibit  of  their  newest  styles  of  instruments  of  novel 
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construction,  consisting  of  a  double  leveling  instrument,  sl 
transit  and  an  instrument  fitted  for  solar  observations,  also 
specimens  of  frames  and  mountings  of  aluminum.  He  also 
showed  white  reading  glasses  which  the  firm  are  now  putting 
out  as  having  the  advantage  of  being  more  conspicuous  if 
dropped.  All  inquiries  were  courteously  answered,  and  the 
exhibit  proved  a  valuable  and  interesting  addition  to  the 
programme. 

The  name  of  D.  E.  Bradley  was  proposed  for  membership. 
As  only  one  member  of  the  Committee  on  Membership  was 
present,  on  motion,  the  Chair  appointed  two  members  pro 
tern.,  to  w.hom  the  application  was  referred,  and  on  a  favor- 
able report  from  them  the  Secretary  was  unanimously  in- 
structed  to  cast  a  ballot  in  favor  of  the  admission  of  Mr. 
Bradley. 

Annual  Address  of  the  Retiring  President. 

In  accordance  with  a  vote  of  this  Association,  and  a  cus- 
tom of  recent  years,  the  prominent  feature  of  this  address 
will  be  a  concise  summary  of  the  more  important  engineer- 
ing work  accomplished  within  this  State  during  the  past 
yaar,  in  so  far  as  the  same  has  been  reported,  including  also 
a  statement  of  such  other  similar  work  outside  the  State  as 
has  been  done  under  the  personal  charge  of  any  of  the 
members  of  this  Association,  concerning  which  information 
has  been  given. 

Under  the  head  of  Railroads,  of  all  the  work  of  the  year 
within  the  State,  that  done  by  the  New  York,  New  Haven 
and  Hartford  Railroad  Company  is  undoubtedly  of  the  great- 
est magnitude  and  importance.  The  more  important  items  of 
that  work  are  the  following  :  For  a  distance  of  about  three 
miles  eastward  from  New  Haven  the  layout  of  the  Shore  Line 
R.  R.  is  to  be  changed  quite  a  distance  northward,  to  avoid 
passing  through  the  easterly  part  of  the  city  of  New  Haven^ 
and  also  for  the  purpose  of  avoiding  twelve  grade  crossings. 
This  change  of  line  will  lessen  the  total  curvature  in  that 
distance  about  65  degrees.  It  increases  the  distance,  how- 
ever, between  the  two  points  of  departure  from  the  former 
line,  about  one  mile.  This  change  of  line  has  involved  a 
very  large  amount  of  rock  excavation,  the  greatest  depth  of 
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the  same  being  about  sixty-five  feet.  For  five  hundred  feet 
the  line  is  through  a  tunnel.  This  part  of  the  road  will 
probably  be  completed  and  in  operation  by  June  ist,  of  this 
year. 

A  new  line  of  double  track  road,  about  three  miles  in 
length,  between  Branford  and  Leete's  Island,  has  also  been 
completed  and  put  in  operation,  which  shortens  the  distance 
about  900  feet.  This  change  of  location  has  lessened  the 
length  of  curved  line  about  5,000  feet,  and  has  reduced  the 
total  curvature  about  200  degrees.  It  has  also  eliminated 
several  grade  crossings. 

On  the  main  line,  from  New  York  to  New  Haven,  the 
same  company,  have  now  under  construction,  for  four  tracks, 
those  portions  of  the  line  between  New  Haven  and  Bridge- 
port, South  Norwalk  and  Glen  Brook,  Cos  Cob  and  Port 
Chester^  and  New  Rochelle  and  Woodlawn,  about  28  miles  in 
total  distance.  In  connection  with  this  work,  the  alignment 
and  grades  are  also  being  improved.  Through  Woodmont, 
on  the  section  between  New  Haven  and  Bridgeport,  the  line 
is  being  wholly  changed  for  about  three  miles,  shortening 
the  distance  about  920  feet,  and  lessening  the  length  of 
curved  line  about  6,000  feet  and  the  total  curvature  about 
146  degrees.  In  connection  with  this  work,  grade  crossings 
have  been  eliminated  by  carrying  the  roadways' either  over 
or  underneath  the  tracks.  About  twenty  grade  crossings 
have  been  eliminated  on  the  different  lines  of  the  New 
Haven  system  during  the  past  year.  In  all  these  improve- 
ments no  grades  have  been  allowed  steeper  than  thirty  feet 
to  the  mile,  and  no  curvature  greater  than  a  2-degree  curve. 
Much  of  the  work  on  these  improvements  between  New 
Haven  and  New  York  is  now  completed.  It  is  expected 
that  those  portions  of  the  line  between  New  Haven  and 
Bridgeport,  and  between  South  Norwalk  and  Glen  Brook, 
will  be  in  operation  by  June  ist,  1894. 

In  making  these  improvements  a  rather  notable  feat  was 
accomplished,  the  mention  of  which  came  to  my  notice  only 
recently  in  a  brief  paragraph  in  the  daily  papers.  Without 
having  had  opportunity  to  verify  the  statements  made,  they 
are  given  as  published  :  "A  section  near  Milford,  nearly  two 
miles  long  of  the  rails  of  a  double  track  road,  still  spiked  to 
the  ties,  was  moved  bodily,  one  track  at  a  time,  from  20  feet 
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to  30  feet  horizontally,  and  raised  from  six  to  nine  feet  verti- 
cally, being  slid  upon  skids  into  their  new  position,  this  work 
all  having  been  accomplished  within  ten  hours,  including^ 
fifteen  minutes  for  luncheon,  by  a  force  of  261  men."  New 
passenger  and  freight  stations  have  been  constructed  at  Ber- 
lin, and  also  a  new  freight  yard.  A  new  station  building  has 
also  been  built  at  Stratford. 

The  foregoing  statement  of  the  work  done  during  the 
past  year  by  the  N.  Y.,  N.  H.  &  H.  R.  R.  Co.  would  be  in- 
complete without  the  mention  of  the  large  new  office  build- 
ing on  Meadow  street.  New  Haven,  Conn.,  four  stories  in 
height,  with  a  frontage  of  240  feet  on  Meadow  street  and 
270  feet  on  Water  street,  and  a  depth  from  either  street  of  60 
feet.  This  building  is  designed  for  the  general  headquarters 
of  the  company,  and  for  office  accommodations  for  the  various 
departments.  There  are  125  rooms  on  the  four  floors  of  the 
building  above  the  basement.  The  walls  are  of  hardwood 
finish,  and  the  ceilings  of  ornamental  steel,  handsomely 
decorated.  The  building  is  lighted  by  gas  and  electricity. 
It  is  considered  the  finest  railroad  office  building  in  New 
England.     Its  cost  has  been  stated  to  be  about  $400,000. 

The  following  other  items  of  railroad  work  have  been 
reported  : — 

At  New  Britain,  the  construction  of  about  ten  miles  of 
electric  railway,  in  that  city  and  vicinity,  and  surveys  for 
over  40  miles  more  of  proposed  electric  road. 

At  Meriden,  all  the  street-car  lines  have  also  been  equipped 
for  electric  motive  power.  An  electric  road  has  been  con- 
structed and  recently  put  in  operation  from  Meriden  to 
Wallingford.  A  track  has  been  laid  in  East  Main  street, 
extending  eastward  from  Broad  street  about  one  mile. 

In  the  vicinity  of  Hartford,  the  Hartford  Street  Railway 
Company  have  extended  the  lines  of  their  electric  road  from 
East  Hartford  to  Burnside,  and  from  Glastonbury  to  South 
Glastonbury.  The  present  terminus  of  the  latter  extension 
is  said  to  be  only  about  three  miles  from  the  northerly  end 
of  the  main  street  of  the  village  of  Portland.  The  residents 
of  that  village  are  confidently  looking  for  an  extension  of 
the  Glastonbury  line  to  Portland  in  the  near  future.  It  is 
also  proposed  to  extend  the  line  from  Burnside  as  far  as 
South  Manchester. 
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At  Norwich,  the  lines  of  the  electric  railway  have  been 
extended  in  four  directions  during  the  year,  the  aggregate 
lengfth  of  such  extensions  being  about  three  miles. 

The  famous  brown-stone  quarries  at  Portland  and  at 
Cromwell,  five  separate  quarries,  all  now  handle  and  transfer 
their  quarried  stone  and  refuse  over  railways  of  standard 
grange,  with  locomotive  engines  similar  in  design  to  those 
used  on  the  elevated  roads  in  large  cities.  In  Portland  alone 
about  i>4  miles  in  aggregate  length  of  yard,  quarry  and  out- 
leading  tracks  have  been  laid  anew,  or  relaid  during  the  past 
year.  One  of  the  companies  has  recently  introduced  a  loco- 
motive crane  for  hoisting  and  transferring  heavy  stones, 
which  has  greatly  increased  its  facilities  for  handling  the 
product  of  its  quarry  quickly  and  cheaply. 

Under  the  head  of  sewerage  are  the  following  items  : — 

The  city  of  New  Haven  has  expended  about  $100,000  dur- 
ing the  past  year  for  the  construction  of  new  sewers,  the 
most  important  among  them  being  a  section  of  the  Boulevard 
sewer,  so  called,  sixty-six  and  sixty  inches  interior  diameter, 
and  about  2,200  feet  in  length.  The  greater  portion  of  this 
section  of  the  sewer  was  in  cutting  varying  from  thirty-eight 
to  forty-four  feet  in  depth.  About  seven  hundred  feet  in 
length  of  this  sewer  yet  remain  to  be  constructed. 

At  New  Britain  about  ^}4  miles  in  length  of  new  sewers 
have  been  laid,  partly  of  brick  and  partly  of  vitrified  pipe, 
the  total  cost  of  the  same  being  about  $60,000. 

The  city  of  Meriden  has  expended  during  the  year  in  ex- 
tending its  system  of  sewers,  $98,722.34,  the  total  length  of 
such  extensions  being  over  4}^  miles.  Its  system  of  sewer- 
age, with  disposal  of  sewage  by  filtration  and  broad  irrigation, 
has  thus  far  worked  satisfactorily. 

About  $5,000  have  been  expended  for  brick  sewers  and 
about  $15,000  for  pipe  sewers  by  the  city  of  Waterbury  during 
the  past  year. 

A  system  of  sewers  has  been  designed  and  constructed  for 
the  village  of  Farmington,  the  aggregate  length  of  the  same 
being  about  2^  miles,  and  the  total  cost  about  $10,000. 
These  sewers  provide  for  sewage  only. 

Over  2%  miles  in  length  of  public  sewers  have  been  con- 
structed at  Middletown,  ranging  in  size  from  8-inch  vitrified 
pipe  to  4-foot  circular  brick  sewer.  The  total  cost  of  the 
same  was  $39,064.19. 
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At  Hartford,  3,330  lineal  feet  of  sewers  have  been  laid  at 
a  cost  of  $7,965.  The  topographical  survey  and  maps  of  the 
whole  city  have  been  completed,  and  plans  and  estimates 
have  been  submitted  for  intercepting  sewers,  to  carry  the 
sewage  heretofore  discharged  into  Park  river  out  into  the 
Connecticut  river.  The  estimated  cost  of  these  intercepting 
sewers  is  $375,000.  A  large  amount  of  engineering  work  has 
been  involved  in  connection  with  this  proposed  intercepting 
sewer. 

At  New  London  the  aggregate  length  of  sewers  reported 
as  laid  is  7,000  feet,  the  cost  of  the  same  being  about  $7,000. 

Twenty-three  hundred  lineal  feet  of  sewers  are  reported 
as  having  been  laid  at  Greenwich  at  a  cost  of  $2,650. 

About  $1,600  are  reported  as  having  been  expended  at  Nor- 
wich for  new  sewers. 

About  1,800  lineal  feet  of  sewers  have  been  laid  in  the 
village  of  Plainville. 

This  foregoing  statement  must  be  regarded  as  incomplete, 
no  reports  having  been  received  from  Bridgeport,  Danbury, 
Stamford,  South  Norwalk  and  Willimantic.  There  are  also 
other  boroughs  and  villages  within  the  State,  where  sewers 
have  probably  been  constructed,  concerning  which  no  reports 
have  been  made. 

A  system  of  sewerage  has  been  designed  during  the  year 
for  the  city  of  Rockville,  with  disposal  of  sewage  by  filtra- 
tion and  irrigation. 

One  of  our  non-resident  members  reports  that  about 
$50,000  have  been  expended  under  his  direction  for  the  con- 
struction and  repair  of  sewers  in  the  city  of  New  Bedford, 
Mass. 

Another  non-resident  member  reports  the  construction  of 
about  two  miles  of  sewers  for  the  town  of  Lenox,  Mass., 
also,  having  made  surveys  and  plans  for  a  system  of  sewers 
for  St.  Albans,  Vt.  He  has  also  had  charge  of  the  construc- 
tion of  sewers  at  Middleboro,  Mass. 

Under  the  head  of  Water  Works  the  following  items  have 
been  reported: 

Work  has  been  in  progress  during  all  of  the  past  season  on 
the  dam  and  basin  of  Reservoir  No.  6,  of  the  Hartford 
Water  Works,  in  or  near  the  town  of  Bloomfield.     A  force, 


CIVIL  ENGINEERS  AND  SURVEYORS.  59 

amounting  at  times  to  650  men  and  275  teams,  has  been  em- 
ployed on  the  work.  Operations  were  suspended  just  before 
the  beginning  of  winter. 

New  works  have  been  projected  for  an  additional  water 
supply  for  the  city  of  Waterbury.  The  dam  is  to  be  of 
masonry,  90  feet  in  extreme  height.  Its  estimated  probable 
cost  is  $150,000.  The  main  conduit  is  to  be  of  cast-iron  pipe 
of  36  inches  interior  diameter,  and  is  estimated  to  cost 
^500,000.  The  entire  works,  complete,  including  land  dam- 
ages, etc.,  will  probably  cost  about  $750,000.  The  amount 
expended  during  the  past  year  toward  the  construction  of 
these  works  is  reported  as  about  $100,000. 

A  new  dam  has  been  constructed  at  New  Britain  for  the 
Shuttle  Meadow  ^^eservoir.  The  dam  is  an  earth  embank- 
ment with  a  core  wall  of  hand-made  concrete.  Its  cost  was 
about  $51,000.  A  new  20-inch  cast-iron  main  conduit  has 
been  laid  from  the  reservoir  to  the  city.  By  the  construction 
of  a  canal,  which  extends  from  a  point  near  the  westerly  end 
of  the  dam,  westward  for  quite  a  distance,  the  drainage  of 
about  476  acres  of  outside  watershed  is  diverted  into  the 
reservoir.  The  cost  of  this  canal  was  about  $40,000.  Little 
need  be  said  further  of  these  improvements  in  this  connec- 
tion, as  the  members  of  the  Association  had  the  privilege  of 
visiting  the  dam  and  canal  jast  May,  and  of  listening  to  a 
very  interesting  paper  upon  the  same  by  Mr.  Percy  M.  Blake, 
chief  engineer  of  the  works,  which  has  been  published,  in  the 
report  of  that  meeting,  and  which  will  also  appear  in  the 
forthcoming  annual  report. 

Improvements  have  recently  been  completed  for  affording 
a  largely  increased  water  supply  for  the  borough  of  Win- 
sted  which,  though  not  of  great  cost,  are  of  such  an  unusual 
character  as  to  be  worthy  of  more  than  passing  notice. 
These  improvements  consist  of  two  masonry  dams,  two  dams 
of  earthwork,  a  canal  nearly  one-half  mile  in  length,  and  a 
tunnel  through  a  mountain  over  3,200  feet  in  length.  The 
larger  masonry  dam,  across  Rugg  Brook,  so-called,  near  Cole- 
brook  Railway  Station,  is  320  feet  long  and  28  feet  in  ex- 
treme l^ight.  It  has  a  pour-over,  or  wasteway,  of  75  feet 
in  length.  The  other  masonry  dam  is  across  Mad  River,  and 
is  176  feet  in  length.  The  canal  which  conveys  the  water 
from  the  Mad  River,  above  this  last-mentioned  dam,  into  the 
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Rugg  Brook  reservoir  is  about  2,400  feet  in  length.  The  tun- 
nel, which  is  to  lead  the  water  from  Rugg  Brook  reservoir 
into  Crystal  Lake,  a  storage  reservoir  of  the  previously- 
existing  water  works,  is  3,252  feet  long  from  portal  to  portal, 
and  is  about  6  feet  square  in  cross- section.  The  cost  of  the 
entire  work  is  said  to  have  been  about  $91,000. 

At  Greenwich  a  reservoir  has  been  built  for  the  water 
supply  of  the  town  or  village  of  Greenwich,  which  holds 
325,000,000  gallons  and  has  cost  about  $40,000.  The  dam  is 
of  earth  embankment,  with  a  masonry  core. 

Water  works  have  been  constructed  during  the  year  at 
Unionville,  the  cost  and  other  details  of  which  have  not  been 
reported. 

.  A  masonry  dam  and  reservoir  have  been,  built  in  the  town 
of  Bethany,  nine  miles  from  New  Haven,  for  the  New  Haven 
Water  Company. 

Eight  and  one-half  miles  of  20-inch,  lo-inch  and  6-inch 
water  pipe  have  been  laid  during  the  past  year  in  Rockville, 
at  a  total  cost  of  about  $57,000,  thus  completing  a  gravity 
system  of  water  supply  for  that  city,  the  water  being  taken 
from  Lake  Snipsic.  A  reservoir  and  pumping  plant  for  high 
service  has  been  proposed.  These  contemplated  additions 
to  the  works  may  be  constructed  during  the  coming  year. 

Surveys  have  been  made  for  a  proposed  water  supply  for 
the  Village  of  Norfolk. 

A  member  of  our  Association  residing  outside  the  State, 
reports  having  made  surveys  and  plans  for  an  additional 
water  supply  for  the  City  of  Salem,  Mass.,  and  the  Town  of 
Beverly,  jointly;  also  the  laying  of  eight  miles  of  pipe  at 
Provincetown,  Mass.;  two  miles  for  the  Town  of  Webster,  and 
seven  miles  of  such  pipe  for  the  Hanover  Water  Company, 
Hanover,  N.  H.  He  has  also  built  a  dam  for  the  Hanover 
Water  Company,  750  feet  long  and  26  feet  in  height,  flowing 
an  area  of  32  acres. 

The  Ponemah  Mills  Water  Works,  in  the  vicinity  of  Nor- 
wich, which  have  been  under  construction  for  nearly  two 
years,  have  been  completed  during  the  past  year.  No  definite 
information  has  been  received  concerning  these  works. 

Under  the  head  of  Dams,  for  water  power  purposes,  it  may 
be  stated  -that  the  large  dam  at  Housatonig,  Mass.,  across  the 
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Housatonic  River,  has  been  completed  during  the  past  year. 
The  particulars  concerning  this  dam  were  given  last  year. 

The  Aspinook  Co.  have  erected  a  new  dam  at  Jewett  City, 
in  the  town  of  Griswold,  across  the  Quinebaug  River.  The 
dam,  which  is  said  to  be  an  excellent  one,  is  25  feet  in  ex- 
treme height,  and  the  pour-over  of  the  same  is  500  feet  in 
length.  The  dam  affords  about  1,200  horse  power.  It  has 
five  head  gates  and  five  waste  gates,  each  10  feet  square. 
The  cost  and  other  particulars  have  not  been  reported. 

Extensive  additions  and  repairs  have  been  in  progress  for 
the  last  two  years  on  the  water  power  plant  of  the  Baltic 
Mill  property,  in  the  vicinity  of  Norwich.  These  improve- 
ments have  been  made  for  the  purpose  of  utilizing  this 
important  water  privilege  for  generating  electricity  for  light- 
ing and  power  purposes  in  the  city  of  Norwich  and  vicinity. 
No  definite  information  has  been  received  concerning  the 
details  or  cost  of  this  work. 

Surveys  and  plans  have  been  made  by  one  of  our  non-resi- 
dent members  for  a  tide-water  dam,  near  Portsmouth,  N.  H. 

Under  the  head  of  Bridges,  the  engineers  of  the  Berlin 
Bridge  Co.  report  the  erection,  by  that  company,  of  bridges 
and  other  structures  of  iron  or  steel,  within  the  State,  the 
cost  of  the  same  amounting  to  about  $362,000. 

The  city  of  New  Haven  has  built  a  steel-plate  girder 
bridge  of  75  feet  span,  at  Oak  street,  over  West  river, 
with  creosoted  plank  and  vitrified  brick  pavement  roadway. 

A  roadway  bridge  is  reported  as  built  for  the  town  of 
Killingly,  by  parties  outside  this  State,  about  140  feet  long 
and  12  feet  wide,  at  a  cost  of  about  $4,000. 

A  large  amount,  in  the  aggregate,  of  roadway  improve- 
ments have  been  reported,  mostly  in  connection  with  city 
or  borough  work,  and  comprising  McAdam  and  Telford 
pavements,  Belgian  block,  vitrified  brick  and  other  block 
pavements,  of  no  large  amount  in  any  one  locality. 

One  member  reports  having  had  charge  of  the  improve- 
ment of  a  piece  of  road,  three  miles  long,  in  a  town  in  which 
there  is  no  city  or  borough,  but  which  contains  a  thriving 
manufacturing  village.  This  piece  of  road  has  been  thor- 
oughly graded  and  is  to  be  macadamized,  at  a  probable  cost 
for  the  entire  three  miles  of  $16,000. 
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With  all  the  evidences  of  an  increasingly  urgent  demand 
for  better  common  roads,  it  seems  almost  certain  that  after  a 
return  of  business  prosperity,  more  and  more  attention  and 
effort  will  be  given  to  their  improvement. 

One  item  of  engineering  work  reported,  which  could 
hardly  be  included  in  any  of  the  classes  of  work  already 
mentioned,  is  the  construction  of  about  150,000  lineal  feet  of 
underground  conduit,  or  pipe  line,  for  electric  wires. 

Concerning  the  present  membership  of  the  Association, 
three  persons  have  joined  the  Association  during  the  year, 
one  member  has  withdrawn  and  one  member  has  died.  Ac- 
cording to  our  official  list  the  membership  now  consists  of  82 
active,  7  honorary  and  2  associate  or  contributing  members. 
Thirty-eight  have  responded  to  the  circular  letter  of  inquiry 
concerning  engineering  work  done  by  them,  or  by  others  in 
their  localities,  during  the  past  year.  Not  less  than  twenty 
of  our  members  are  known  to  have  been  engaged  during  the 
past  year,  to  a  considerable  extent,  in  city  or  borough  engi- 
neering. Eighteen  members  have  been  connected  with 
water  supply  engineering,  not  less  than  five  of  whom  have 
had  constant  charge,  as  superintendents  or  engineers,  of  the 
water  works  of  some  municipality  or  water  company.  Three 
have  been  engaged  in  the  construction  of  dams  for  water 
power,  three  have  been  engaged  in  bridge  work,  seven  in 
railroad  work,  three  in  mechanical  engineering  and  two  in 
other  special  lines.  Five  fill  the  position  of  president,  vice- 
president  or  secretary  of  large  corporations,  where  a  knowl- 
edge of  the  science  and  practice  of  engineering  is  a  valuable 
qualification  for  successfully  filling  such  offices.  Quite  a 
number  have  had  general  business,  in  which  land  surveying, 
laying  out  city  and  village  building  lots,  etc.,  form  a  principal 
part. 

This  annual  meeting  marks  the  close  of  the  first  decade  of 
the  history  of  this  Association.  The  past  years  have  not 
been  without  some  trying  and  unpleasant  experiences  for  the 
Association,  and  for  those  responsible  for  the  management 
of  its  affairs.  These  difficulties  have  been  overcome.  The 
organization,  in  spite  of  discouragements  at  times,  has  sur- 
vived, and  has  proved  itself  a  benefit  to  those  who  have 
cared  to  avail  themselves  of  its  privileges.     It  is  a  pleasure 
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to  be  able  to  congratulate  you  on  the  satisfactory  and  pros- 
perous condition  of  our  organization  as  it  begins  its  second 
decade.  Before  this  new  decade  closes,  the  twentieth  cen- 
tury will  have  been  ushered  in.  The  last  decade  has  seen 
wonderful  progress.  The  long  distance  telephone  and  the 
electric  motor  have  come  into  general  use.  The  phonograph 
is,  perhaps,  little  more  now  than  a  scientific  toy,  but  it  may 
yet  come  to  be  regarded  as  hardly  less  useful  than  these 
other  inventions.  There  are  indications  that  electric  railways 
are  soon  to  be  a  very  common  and  useful  means  of  local 
travel,  not  only  in  cities  and  their  suburbs,  but  also  between 
cities  and  villages. 

Men  of  science  have  been  giving  considerable  attention  of 
late  to  the  discussion  of  the  mechanics  of  the  flight  of  birds 
and  other  bodies  through  the  air.  In  view  of  past  inventions, 
who  dares  say  the  problem  of  aerial  navigation  may  not  yet 
be  successfully  solved. 

Permit  me  to  say  a  few  words  in  closing,  concerning  our 
relations  to  this  Association.  It  was  not  formed  to  give  its 
members  professional  standing  before  the  public  or  among 
other  engineers.  The  conditions  for  membership  have  not 
been  based  upon  high  educational  attainments  or  great  pro- 
fessional achievements.  The  object  has  been,  rather,  to 
promote  mutual  acquaintance  and  friendly  relations  among 
the  engineers  and  surveyors  of  the  State,  and  also  to  promote 
mutual  improvement  and  advancement  in  the  theoretical  and 
practical  knowledge  of  our  profession.  If  these  ends  are  in 
any  considerable  measure  realized,  membership  in  the  Asso- 
ciation ought  to  be  regarded  as  worth  far  more  than  it  costs. 
In  my  opinion,  the  secret  of  the  value  and  success  of  the 
Association  lies  in  the  general  readiness  of  all  its  members 
to  contribute,  by  preparing  and  reading  papers,  participating 
in  the  subsequent  discussion  of  the  same,  and  in  various 
other  ways  to  promote  mutual  pleasure  and  profit. 

I  cannot  conclude  these  remarks  without  acknowledging 
the  very  efficient  aid  and  the  hearty  cooperation  of  so  many 
of  the  members  during  the  past  year.  I  feel  sure  that,  dur- 
ing the  coming  year,  there  will  be  no  less  willingness  and 
effort  on  the  part  of  all,  that  the  Association  may  be  of  even 
greater  value  and  benefit  than  in  the  years  that  have  gone. 
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At  12:45  the  meeting  adjourned  to  the  United  States  Hotel 
for  dinner. 

At  2:30  the  meeting  was  called  to  order  again,  and  Mr. 
Cairns,  City  Engineer  of  Waterbury,  read  a  paper  on 

"The  New  Works  for  an  Increased  Water  Supply  for  the 
City  of  Waterbury." 

Mr,  President  and  Gentlemen  of  the  Society: 

The  proposed  additional  water  supply  for  the  city  of 
Waterbury  furnishes  a  striking  illustration  of  the  value  of 
the  recently  completed  topographical  map  of  the  State  of 
Connecticut.  For  ten  years  the  Board  of  Water  Commis- 
sioners have  seen  the  necessity  of  providing  an  increased 
supply  to  meet  the  needs  of  a  rapidly  growing  city,  and  at 
different  times  have  caused  surveys  to  be  made,  and  plans 
and  estimates  to  be  prepared,  and  have  submitted  the  same 
to  the  Common  Council  for  their  approval. 

Two  years  ago  a  special  committee  was  appointed  by  the 
Council  to  engage  outside  engineers,  make  careful  investi- 
gation of  the  subject,  and  report  to  the  Council.  It  is  prob- 
able that  altogether,  upwards  of  ten  thousand  dollars  have 
been  expended  on  this  work,  but  none  of  the  plans  proposed 
has  met  with  sufficient  favor  in  the  Council  to  be  adopted. 
Meanwhile  the  city  has  expanded  surprisingly,  and  the  works 
built  to  supply  a  city  of  ten  thousand  people  now  have  to 
meet  the  demands  of  thirty  thousand.  Pumping  has  been 
resorted  to,  and  to-day  that  is  our  chief  reliance. 

Up  to  last  January  the  consideration  of  the  question  of 
available  sources  had  been  practically  confined  to  two,  known 
respectively  as  the  Eastern,  or  Mad  River  source,  and  the 
Western,  or  Hop  Brook  source.  The  first  was  opposed  by 
the  manufacturers  as  tending  to  diminish  their  already  inad- 
equate supply  for  mill  uses;  the  second  was  opposed  by  a 
large  part  of  the  people  as  of  doubtful  quality  and  of  insuffi- 
cient quantity. 

It  was  at  this  time  that,  chancing  to  have  in  my  hands 
copies  of  the  new  State  Topographical  Survey,  my  attention 
was  attracted  to  a  stream  lying  about  twelve  miles  northwest 
of  the  city.  I  was  not  at  the  time  employed  upon  the  water 
works,  but  of  course  felt  a  citizen's  interest  in  the  matter,  as 
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well  as  a  general  professional  interest.  With  the  beautiful 
State  Map  before  me,  a  very  few  days'  study  was  sufficient 
to  convince  me  that  without  one  dollar  spent  in  surveying,  I 
had  discovered  a  far  better  source  of  supply  than  either  of 
those  concerning  which  opinions  were  so  divided.  On  the 
strength  of  the  information  derived  from  the  State  Map,  I 
ref>orted  the  matter  to  the  Council.  It  was  favorably  con- 
sidered, and  after  running  a  few  levels  and  making  some 
general  calculations,  the  results  of  which  were  most  satisfac- 
tory, the  Council  formally  adopted  my  plans.  It  is  thanks  to 
the  State  Topographical  Survey  that  the  City  of  Waterbury 
is  to-day  engaged  upon  the  construction  of  water  works 
which,  both  in  quality  and  quantity,  promise  to  be  thoroughly 
satisfactory. 

The  stream  from  which  we  propose  to  take  water  is  marked 
on  the  old  maps  as  the  West  Branch  of  the  Naugatuck  River, 
or  the  Watertown  Branch.  It  enters  the  Naugatuck  River 
near  Reynolds*  Bridge.  It  forms  the  boundary  between 
Watertown  and  Thomaston  for  a  long  distance,  and  has  sev- 
eral sources  reaching  as  far  north  as  Litchfield,  though  a 
ridge  divides  its  watershed  from  that  which  receives  Litch- 
field's drainage. 

Its  watershed  is  wild  and  hilly  country,  very  rocky,  largely 
wooded,  few  swamps,  and  those  small  and  remote  from  the 
point  at  which  we  divert  the  water,  offering  little  opportu- 
nity for  profitable  farming. 

About  three  miles  from  its  mouth,  the  stream  passes  through 
a  narrow  gorge  between  rocky  hills.  Above  this  point  the 
valley  opens  out  a  little  and  has  some  level  meadow  land;  a 
profile  for  the  point  selected  for  the  dam  is  shown;  at  this 
point  the  bed  of  the  stream  is  about  210  feet  above  the  level 
of  Center  Square,  according  to  the  State  Map  above  referred 
to.  The  stream  and  its  tributaries  have  about  eighteen 
square  miles  of  watershed. 

It  is  proposed  to  erect  a  masonry  dam  of  a  height  sufficient 
to  raise  the  water  to  a  depth  of  seventy  feet,  making  the  flow 
line  of  the  reservoir  280  feet  above  Center  Square.  At  this 
level  the  water  will  flow  105  acres,  and  there  will  be  stored 
about  600,000,000  gallons  above  the  lowest  inlet  to  the  gate 
house. 
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It  is  calculated  that  the  watershed  of  eighteen  square  miles 
and  the  storage  capacity  of  600,000,000  gallons,  will  yield  a 
daily  supply  in  the  season  of  greatest  drought  of  nearly 
6,000,000  gallons.  At  100  gallons  per  capita,  this  means  abun- 
dant water  for  a  population  of  60,000,  about  double  the  pre- 
sent population. 

Situations  are  not  wanting  for  the  economical  location  of 
large  storage  reservoirs  up  the  stream.  With  reservoirs 
holding  800,000,000  gallons,  making  a  total  of  1,400,000,000,  a 
daily  supply  of  9,000,000  gallons  could  be  assured  in  a  season 
of  greatest  drought.  This  is  an  ample  supply  for  90,000 
people.  From  these  considerations  it  is  evident  that  Water- 
bury  will  not  soon  outgrow  the  capacity  of  this  source  of 
supply. 

The  conduit  will  be  about  ten  miles  in  length.  It  will 
consist  of  thirty-six-inch  cast-iron  pipe.  The  reasons  for 
using  such  a  large  main  are  the  desire  to  economize  head, 
and  to  provide  for  any  probable  growth  of  the  city.  Water- 
bury  is  a  hilly  town,  and  any  loss  of  pressure  due  to  friction 
in  the  main  conduit  means  a  limitation  of  the  area  which 
can  be  served  by  gravity  from  this  source. 

Owing  to  the  character  of  the  country  through  which  the 
conduit  passes,  many  deflections  are  necessary  which  also 
tend  to  the  absorption  of  head. 

It  has  been  estimated  by  a  competent  authority  that,  rea- 
soning by  analogy,  Waterbury  would  reach  a  population  of 
90,000  in  the  year  1920.  The  cast-iron  pipe  ought  to  have 
a  life  reaching  much  beyond  that  date.  From  these  consid- 
erations it  was  decided  to  use  a  thirty-six-inch  conduit. 

The  main  features  of  construction  are  a  masonry  dam 
ninety  feet  high  from  the  foundation  ledge,  and  a  thirty-six 
inch  conduit  ten  miles  long.  A  section  of  the  dam  is  shown 
in  cardboard  and  a  diagram,  to  a  scale  of  one-quarter  inch  to 
a  foot.  The  diagram  shows  the  lines  of  resultant  pressure 
with  the  reservoir  full  and  empty,  for  each  ten  feet  of  height 
up  to  100  feet.  With  the  reservoir  full,  the  line  of  pressure 
intersects  a  plane  ninety  feet  below  the  top  of  the  dam,  (23.95) 
twenty-three  and  ninety-five  hundreds  feet  from  the  down 
stream  face,  and  with  the  reservoir  empty  the  line  of  pressure 
intersects  the  same  plane,  (21.40)  twenty-one  and  forty  hun- 
dreds feet  from  the  upstream  face.  .  The  thickness  of  the 
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dam  at  this  point  is  62.05  feet.  You  will  notice  that  the 
extreme  pressures  each  lie  within  the  middle  third  of  the 
dam,  and  also  that  the  resultant,  with  reservoir  full,  lies  more 
than  three  feet  within  this  middle  third.  This  will  appear 
still  more  satisfactory  if  you  notice  that  the  water  is  assumed 
to  be  even  with  the  top  of  the  dam,  although  the  crest  of  the 
ample  overflow  is  five  feet  below  the  top  of  the  dam. 

The  entire  foundation  of  the  dam  is  ledge  rock,  found 
within  a  few  feet  of  the  surface,  except  in  the  bed  of  the 
stream,  where  it  was  necessary  to  excavate  about  fifteen  feet 
of  rock  before  a  satisfactory  bottom  was  obtained.  Nearly 
two  thousand  cubic  yards  of  more  or  less  solid  ledge  were 
removed  within  a  length  of  ninety  feet,  measured  in  the  line 
of  the  dam,  in  getting  a  bottom.  On  the  side  hills  there 
appears  to  be  a  good  bottom  within  easy  reach.  The  re- 
moval of  about  three  feet  of  earth  exposes  the  ledge,  into 
which  we  propose  to  cut  about  five  feet. 

The  plan  of  the  dam  shows  a  curve  on  a  radius  of  600  feet 
for  a  chord  distance  of  391  feet.  This  occupies  all  the  deep 
part  of  the  valley. 

At  the  ends  of  the  curve,  there  will  only  be  about  twenty 
feet  of  water;  from  these  points  the  dam  is  extended  in  the 
same  line  as  the  chord  as  far  as  may  be  found  necessary, 
probably  about  100  feet  at  each  end,  making  the  total  length 
of  the  dam  about  590  feet. 

The  dam  is  twelve  feet  wide  on  the  top.  The  upstream 
face  batters  five  feet  in  100  feet.  The  downstream  face  is 
partly  vertical,  partly  curved,  and  largely  battered  eight 
inches  to  the  foot. 

Two  lines  of  thirty-inch  cast-iron  pipes  have  been  set  in 
the  foundation  just  above  the  old  bed  of  the  stream.  These 
are  expected  to  act  as  carriers  for  the  water  of  the  stream 
during  construction.  On  each  line  is  a  heavy  thirty-inch 
gate.  When  the  work  is  finished  the  closing  of  these  gates 
will  cause  the  reservoir  to  fill.  Opening  them  at  intervals 
will  afford  means  of  flushing  out  the  bottom  of  the  reservoir. 

The  gatehouse  proper  will  stand  on  the  south  hillside.  Its 
lowest  inlet  will  be  fifteen  feet  higher  than  the  bottom  of  the 
thirty-inch  drain  pipes.  This  is  done  for  the  sake  of  economy 
in  building  the  gatehouse,  and  because  the  inability  to  drain 
this  lower  fifteen  feet  of  water  through  the  conduit  involves 
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the  loss  of  but  little  storage,  as  the  valley  or  ravine  is  ver>' 
narrow  below  that  point,  and  the  bed  of  the  stream  rises  in  a 
few  hundred  feet  to  the  same  level. 

The  gatehouse  will  have  two  distinct  compartments,  each 
complete  in  itself.  There  will  be  inlets  at  different  levels, 
thirty  inches  in  diameter.  From  each  part  a  thirty  inch  pip>e 
will  lead  through  the  dam.  In  a  gatehouse  just  below  the 
dam  these  thirty  inch  mains  will  unite  with  the  thirty-six- 
inch  conduit.  In  this  last  mentioned  gatehouse  will  be 
located  all  of  the  valves  governing  the  supply  to  the  conduit, 
and  also  the  blow-off  valves. 

It  will  be  readily  understood  that  the  construction  of  ten 
miles  of  thirty-six  inch  cast-iron  conduit  through  the  hilly 
and  rocky  country  of  Western  Connecticut  forms  a  difficult 
part  of  our  work.  In  the  first  place,  it  was  decided,  as  far  as 
possible,  to  avoid  forming  valleys  and  summits  in  the  line. 
To  this  end  great  pains  have  been  taken  with  the  location, 
and  we  are  so  far  successful  as  to  have  no  up  grade  from  the 
dam  for  about  six  miles.  At  this  point  we  pass  beneath  the 
Naugatuck  River,  and  will  have  to  rise  for  nearly  a  mile 
beyond  it.  Considering  the  nature  of  the  country,  however, 
we  feel  considerable  satisfaction  in  our  location. 

At  the  four  points  where  the  conduit  crosses  the  stream 
from  which  we  take  water,  it  is  to  be  carried  on  iron  bridges. 
A  great  amount  of  retaining  wall  has  to  be  built.  Much  of 
it  has  already  been  built  where  the  line  passes  through  ra- 
vines, and  no  resting  place  could  be  found  for  the  pipe 
between  the  stony  bed  of  the  brook  and  the  almost  precipi- 
tous walls  of  rock. 

Rock  cuts  have  been  made  up  to  twenty-five  feet  in  depth, 
and  others  of  less  depth,  which  extend  for  hundreds  of  feet. 
It  is  proposed  to  place  fnain  gates,  blow-off  valves,  air  valves 
and  manholes  in  the  conduit  about  once  in  two  miles  wher^ 
the  grade  is  all  descending,  and  at  such  points  near  the 
city  as  the  contour  of  the  ground  shall  make  it  necessar}\ 

The  work  so  far  has  been  mainly  done  by  day  labor.  The 
reason  for  this  was  that  no  sooner  was  the  decision  made  as 
to  a  source  of  supply  than  everyone  was  eager  to  have  the 
work  begin.  Contracting  without  surveys,  plans  or  specifi- 
cations was  manifestly  impossible,  so  day  labor  was  resorted 
to  and  the  transit  set  up  and  the  spade  thrust  into  the  ground 
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about  the  same  day.  Much  time  has  undoubtedly  been  saved 
in  this  way,  but  I  do  not  commend  it  as  tending  to  the  com- 
fort or  peace  of  mind  of  the  engineer  in  charge.  A  year's 
time  for  surveys  and  plans  would  be  none  too  much  to  have 
in  preparing  for  such  an  undertaking. 

Next  summer,  however,  we  expect  to  have  the  entire  work 
under  contract,  and  hope  to  practically  complete  it  within 
the  y^ar. 


During  the  discussion  of  this  paper  Mr.  Cairns  stated  that 
the  estimated  cost  of  the  work  was  $500,000;  the  greater  part 
of  the  masonry  would  be  heavy  rubble,  faced  with  rough 
stone,  laid  in  Portland  cement  to  a  point  five  feet  above  the 
gatehouse;  above  that,  common  cement  with  Portland  for 
the  face  work;  the  extreme  height  of  the  dam  from  the  bot- 
tom of  the  foundation  is  ninety  feet;  the  foundation  is  about 
fifteen  feet  below  the  bottom  of  the  stream;  the  total  capa- 
city of  the  reservoir  will  be  600,000,000  gallons;  it  would  have 
been  possible  to  build  a  succession  of  dams  with  an  equal 
storage  capacity,  but  we  needed  the  head  the  higher  struc- 
ture affords;  it  is  true  that  the  expense  is  large,  but  we  are 
authorized,  under  the  bill  giving  us  permission  to  build,  to 
sell  water  outside  the  city  limits.  On  that  basis  we  shall  be 
able  to  pay  the  interest  on  the  bonds  and  have  some  surplus 
to  apply  to  the  sinking  fund;  our  present  receipts  are  about 
$75,000,  and  we  are  getting  about  two-thirds  of  what  we 
should  if  we  had  water  to  sell. 
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At  this  point  the  Association  proceeded  to  the  election  of 
officers  for  the  ensuing  year,  with  the  following  result: 

E.  P.  Augur,  Middletown, President, 

R.  A.  Cairns,  Watcrbury,  -  .  -  -  First  Vice-President, 
William  G.  Smith,  Watcrbury,  -  -  -  Second  Vice-President. 
A.  R.  Wads  WORTH,  Farmington,  -  Secretary  and  Treasurer. 

It  was  voted  that  a  committee  of  three  be  appointed  by  the 
chair  to  present  nominations  for  the  Executive  and  Member- 
ship Committees.  Messrs.  Field,  Burt  and  McKenzie  were 
appointed.     They  reported  as  follows: 

FOR  EXECUTIVE  COMMITTEE. 

E.  P.  AUGUR  (ex-officio), Middlctown. 

R.  A.  Cairns,  - Watcrbury. 

W.  B.  Palmer,         -        -        -        -        - '      -        -  Bridgeport. 

C.  H.  BuNCE, Hartford. 

F.  W.  LaForge, -        -  Watcrbury. 

FOR  MEMBERSHIP  COMMITTEE. 

H.  W.  Ayres,  -        - New  Britain. 

W.  H.  Olmsted,  -  -  -  -  .  -  -  -  East  Hartford. 
W.  H.  Cadwell, New  Britain. 

The  persons  thus  nominated  were  duly  elected. 


72  THE  CONNECTICUT  ASSOCIATION  OF 


The  Failure  OF  a  Dam  and  How  it  was  Repaired. 

BY  A.  R.   WADSWORTH. 


During  the  summer  of  1878,  the  Farmington  Ice  Company 
built  a  dam  of  rather  novel  features  near  the  northern  limits 
of  the  village,  on  a  site  selected  for  the  great  natural  advan- 
tages presented  for  the  purpose,  which  consisted  of  a  mea- 
dow of  about  three  acres,  a  fine  brook  and  across  the  lower 
end  a  canal  embankment  from  12  to  14  feet  in  height,  60  feet 
wide  on  top  and  some  400  feet  in  length,  with  apparently  a 
fine  cut  stone  culvert  in  the  form  of  a  semi-circular  arch  four 
feet  in  diameter.  At  the  entrance  to  this  culvert,  the  dam 
was  built  in  the  following  manner,  viz.:  Walls  12  feet 
high  and  varying  from  two  to  three  feet  thick,  were  let  into 
the  embankment  some  six  feet  and  then  built  around  the 
entrance  in  the  form  of  a  horseshoe,  with  the  heels  toward 
the  embankment.  A  retaining  wall  was  built  flush  with  the 
face  of  the  culvert,  18  feet  long,  parallel  with  the  axis  of  the 
embankment  and  very  nearly  at  right  angles  to  the  sidewalls; 
the  surface  was  faced  with  cement;  the  other  walls  were 
faced  with  cement  and  thoroughly  grouted  during  construc- 
tion. Opposite  the  culvert  an  aperture  12x18  inches  was 
provided  in  the  front  wall  for  the  natural  flow  of  the  brook. 
The  overflow  was  above  this,  let  into  the  front  wall  18  inches 
deep  and  12  feet  long.  The  modus  operandi  of  filling  the 
reservoir  was  to  close  the  lower  gate.  The  waters  rising 
would  pour  over  the  wasteway  and  falling  to  the  interior  of 
the  dam  would  flow  off  through  the  culvert.  The  construc- 
tion of  this  dam  cost  $900.00. 

In  December,  1884,  while  the  surface  of  the  ice  was  cov- 
ered with  many  skaters,  it  began  rapidly  falling,  and  within 
an  hour's  time  was  resting  on  the  bed  of  the  reservoir.  In- 
vestigation at  the  time  showed  that  the  water  had  worked 
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around  the  end  of  the  north  wall,  forcing  in  the  section  of 
the  west  wall  between  the  culvert  and  north  wall,  nearly- 
filling  the  interior  of  the  dam  and  culvert  with  the  debris. 
The  embankment  was  entirely  removed  from  the  north  wall 
to  its  very  foundations,  causing  it  to  settle  and  turn  outward. 
The  writer  at  this  time,  without  making  an  exhaustive  ex- 
amination of  the  structure,  attempted  a  temporary  repair  in 
order  to  secure  the  ice  for  the  season.  The  back  wall  was 
securely  replaced,  the  filling  behind  carefully  rammed,  i8o 
bags  of  sand  and  mill  dirt  were  packed  in  clay  around  the 
end  of  the  north  wall  and  along  the  foundation  of  the  same. 
The  filling  was  replaced,  the  seams  and  fissures  in  the  ma- 
sonry were  filled  with  cement  and  the  gate  again  closed. 
The  reservoir  filled  to  within  about  two  feet  of  the  overflow 
and  remained  so  for  several  days.  The  dam  leaked  badly 
through  the  bottom  between  the  timbers,  and  considerably 
through  the  side  and  wing  walls,  the  final  failure  occurring  in 
a  break  of  the  voussoirs  of  the  culvert  about  six  feet  back 
from  the  opening  toward  the  dam,  carrying  out  much  of  the 
filling  replaced  and  not  a  few  of  the  bags  of  sand  and  dirt. 
The  writer  then  regarded  the  structure  as  a  total  wreck, 
having  developed  weakness  at  every  point,  and  discouraged 
any  attempts  at  its  further  repair.  The  Secretary  of  the 
Company,  regarding  this  reservoir  as  the  most  important  and 
convenient  of  any  of  those  under  its  control,  determined  to 
repair  it  if  it  coJfci  be  done  at  a  reasonable  expense,  and 
accordingly,  during  the  spring  and  summer  following,  several 
engineers  and  contractors  visited  the  dam,  at  the  instance  of 
the  Secretary,  and  submitted  plans  and  estimates  for  its 
repair.  These  estimates  varied  in  amount  from  $i,ooo  for 
the  lowest,  to  $2,000  for  the  highest.  These  estimates  were 
rather  more  than  the  Board  were  willing  to  invest  in  the 
repair  of  the  dam,  and  were  consequently  rejected. 

On  or  about  Aug.  i,  1885,  the  writer  made  a  careful  exam- 
ination of  the  situation  and  devised  a  plan  and  submitted 
estimates  which  were  accepted.  The  examination  in  part 
was  going  through  the  culvert  and  finding  the  first  25  feet  in 
a  state  of  impairment,  the  mortar  having  entirely  left  the 
surface  of  the  stones,  and  consequently  could  not  be  de- 
pended upon  for  a  water-tight  structure  under  a  sand-bank. 
Two  wells  were  sunk  on  either  side  of  the  culvert,  30  feet 
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from  the  west  wall  of  the  dam,  to  learn  the  nature  of  the 
ground  under  the  culvert  as  well  as  to  obtain  data  on  which 
to  base  approximate  estimates  for  the  development  of  the 
plan  submitted,  which  placed  the  estimate  of  expense  at  $800 
and  was  as  follows,  viz. : 

Thirty  feet  west  from  the  dam  a  trench  60  feet  long,  20 
feet  deep  and  5  feet  wide  was  cut  at  right  angles  to  the  axis 
of  the  culvert,  going  below  the  bottom  of  the  culvert  4>4  feet 
and  finding  the  toughest  kind  of  red  hardpan  for  a  founda- 
tion. In  this  trench  a  concrete  wall  was  built  2^  feet  thick 
at  the  bottom  and  10  inches  at  the  surface.  The  voussoirs 
of  the  culvert  from  this  wall  to  the  dam  were  removed  and 
in  their  place  was  substituted  a  20-inch  cast-iron  water  pipe, 
the  west  end  of  which  passes  through  the  wall  into  the  cul- 
vert below,  and  the  east  end  within  the  old  dam  was  fitted 
with  a  20-inch  tee  and  gate.  On  the  tee  a  section  of  pipe  10 
feet  long  was  placed,  bringing  the  top  to  the  same  level  as 
the  original  overflow.  By  closing  the  gate  the  water  would 
'  reach  the  same  level  as  before.  The  construction  cost  $685. 
The  works  have  been  in  operation  since  August,  1885,  and 
given  entire  satisfaction,  showing  no  weakness  nor  calling  for 
repairs  of  any  kind.  It  should  be  noted  that  the  mouth  of 
the  vertical  section  is  protected  by  a  heavy  iron  frame,  cov- 
ered with  ^  inch  meshes  of  galvanized  iron  wire. 

Farmington,  Jan.  9,  1894.  • 
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Shop  and  Mill  Construction. 

BY  B.  K.  FIELD. 


For  many  years  the  cotton  and  woolen  mills  in  this  country 
have  been  built  with  heavy  side  walls  of  brick  or  stone,  with 
an  interior  construction  of  wooden  beams  and  posts.  One 
objection  to  this  style  of  construction  is  that  a  sufficient  area 
of  side  windows,  to  properly  light  a  wide  building,  cannot  be 
obtained,  owing  to  the  large  amount  of  space  taken  up  by  the 
brick  piers  on  the  sides.  This  necessitates,  provided  a  large 
floor  space  is  required,  building  a  narrow  mill,  either  yevy 
long  or  very  high;  or  provided  sufficient  property  is  available, 
building  a  one-story  mill,  lighted  by  skylights  in  the  roof. 
Another  objection  to  this  class  of  buildings  lies  in  the  fact 
that  owing  to  insufficient  bracing,  the  rapidly  moving  ma- 
chinery causes  vibrations  to  extend  throughout  the  building. 
Besides  this,  the  shrinking  of  the  timbers,  which  tie  the  build- 
ing together  transversely,  loosens  up  (as  it  were)  the  entire 
inner  construction  of  the  building,  so  that  these  vibrations 
become  more  apparent  and  destructive  as  time  goes  on. 
This  constant  vibmtion  has  a  tendency  to  weaken  the  brick 
work,  and  on  this  account,  very  heavy  exterior  walls  and 
pilasters  are  required.  To  overcome  these  difficulties,  we 
have  patented  a  construction  which  we  style  our  "  Patent  Mill 
and  Shop  Construction.'-  The  main  objects  of  our  improve- 
ments, in  the  words  of  the  specification,  are  as  follows:  "To 
construct  a  building  that  shall  be  well  lighted,  well  braced  in 
every  direction,  give  the  greatest  amount  of  floor  space  when 
the  land  to  be  built  upon  is  limited  in  area,  which  can  be 
built  more  economically  and  more  rapidly  and  in  all  seasons, 
than  is  possible  in  the  case  of  buildings  with  side  and  end 
walls  of  brick  or  masonry,  and  at  the  same  time  one  that  will 
meet  the  approval  of  insurance  companies."  By  referring 
to  the  blue  print  shown,  you  will  see  that  a  very  small  pro- 
portion of  the  sides  or  ends  of  the  building  is  taken  up  with 
our  frame  work,  which  consists  of  metal  posts  connected  to- 
gether with  the  necessary  purlins,  struts  and  bracings.     In 
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order  to  allow  as  much  light  as  possible  to  enter  the  building, 
we  use  ribbed  glass,  made  in  large  panes,  which  is  claimed  to 
admit  about  93  per  cent,  of  the  light.  With  this  style  of  con- 
struction we  are  enabled  to  put  up  buildings  from  100  to  125 
feet  in  width  and  effectively  light  them. 

In  order  to  thoroughly  brace  our  building  in  every  di- 
rection, you  will  notice  from  our  longitudinal  elevation,  that 
we  have  provided  a  system  of  bracing  in  the  end  panels  and 
in  every  fifth  or  sixth  panel,  throughout  the  entire  length  of 
the  building.  This,  taken  in  connection  with  the  angle  knee 
braces  which  extend  from  the  posts  to  the  floor  beams  in  each 
story,  and  the  horizontal  bracing  in  the  end  and  intermediate 
panels,  will  thoroughly  tie  the  building  together  so  as  to  pre- 
vent vibration.  In  order  that  there  may  be  some  way  to 
take  up  the  shrinkage  of  the  floor  beams,  we  have  provided 
rods  extending  clear  across  the  building  in  each  panel  of  each 
story,  connected  at  the  ends  with  the  side  posts  and  provided 
with  turn-buckles  or  other  means  of  adjustment,  at  several 
points.  These  rods  are  placed  between  the  two  floor  beams, 
while  in  the  ordinary  mill  construction,  one  solid  beam  is 
used.  We  claim  that  the  two  beams  are  better  than  the  one 
on  account  of  the  air  space  between  them  preventing  dry  rot 
in  the  center  of  the  timber,  which  often  occurs  where  the 
timbers  used  are  of  very  great  cross-section.  As  the  spans 
between  our  posts  are  long,  the  floor  be^s  used  are  of  suf- 
ficient size  to  be  classed  in  the  slow  burning  construction. 
Our  whole  interior  construction  of  heavy  timbers  and  plank 
is  based  on  the  "  Factory  Mutual's "  ideas  of  slow  burning 
construction.  The  great  advantages  of  our  style  of  building 
will  be  appreciated  when  I  call  your  attention  to  the  state- 
ment of  a  competent  authority,  that  the  power  required  to 
operate  spinning  frames  in  a  mill  which  vibrates,  is  **  20  per 
cent."  greater  than  is  required  to  operate  them  in  one  that  is 
steady.  To  quote  from  Woodbury's  "  Fire  Protection  of  Mills 
and  Construction  of  Mill  Floors:"  "The  consequences  of 
mill  vibration  in  the  power  absorbed  by  its  exertion,  in  the 
continual  straining  of  machinery  and  mill,  must  inevitably 
tend  to  damaging  results  to  plant  and  product."  This  writer 
goes  so  far  as  to  say  that  the  only  sure  method  of  prevention 
of  vibration  "applicable  to  the  future,  seems  to  be  in  the  con- 
struction of  one-story  mills  with  the  shafting  resting  upon 
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piers  in  the  basement,"  but  at  the  same  time  he  limits  its  ap- 
plication, for  he  says:  "However  great  may  be  the  ad- 
vantages from  low  construction,  it  ife  feasible  only  on  cheap 
and  level  land,  and  therefore  can  rarely  be  applied  to  the 
extensions  of  mills  built  near  streams  or  cities.*'  In  a  great 
many  of  the  mills  you  will  find  that  the  first  story  side  walls 
are  from  30  to  36  inches  thick,  the  thickness  being  reduced 
about  four  inches  every  story.  With  our  construction  we 
only  need  from  12  to  14  inches  on  the  sides,  the  thickness  de- 
pending on  the  height  and  width  of  the  building. 

Therefore,  where  the  property  to  be  built  upon  is  limited 
in  area,  we  can  obtain  a  much  greater  floor  space  than  with 
the  present  style  of  construction.  Further,  this  mode  of 
building  can  go  on  in  the  winter  as  well  as  in  the  summer, 
and  the  entire  construction  can  be  framed  indoors  during  in- 
clement weather,  when  the  laying  of  brick  would  hardly  be 
possible.  Thus,  a  building  of  this  kind  can  be  shipped  to  the 
site  all  ready  to  be  erected  above  the  foundations. 

This  style  of  construction  is  not  limited  to  cotton  and 
woolen  mills,  but  can  be  adapted  to  foundries,  machine  shops, 
or  any  other  class  of  buildings  requiring  a  large  amount  of 
light. 

We  have  recently  completed  at  Providence,  R.  I.,  a  machine 
shop  for  the  Fuller  Iron  Works.  The  exterior  of  this  shop  is 
quite  similar  to  the  construction  I  have  described.  The  in- 
terior, however,  differs  in  the  fact  that  half  the  building  is 
two  stories,  while  the  other  half  is  only  one  story,  and  con- 
trolled by  a  travelling  crane,  and  besides,  the  beams  and  posts 
are  of  metal  instead  of  wood. 

We  thoroughly  believe  that  this  style  of  construction  will 
be  much  used  in  the  future,  and  with  the  present  low  prices  of 
iron  and  steel  materials,  its  economy  over  the  present  method 
of  building  will  be  an  additional  point  in  its  favor. 
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W.  H.  BURNETT. 

In  the  autumn  of  1880,  the  writer  chanced  to  be  in  need  of 
an  assistant  and  asked  a  neighbor's  boy  of  seventeen  years  if 
he  would  lend  a  hand  for  a  few  days  temporarily. 

He  replied  that  he  would  like  to  do  so  permanently. 

The  relation  thus  begun  continued  uninterruptedly  for 
thirteen  years  and  until  terminated  by  Mr.  Burnett's  death. 

He  had  been  obliged  to  leave  school  on  account  of  illness 
affecting  his  head  and  eyes,  and  he  was  early  left  without 
parents  or  influential  friends. 

His  success  was  due  to  his  unaided  efforts  in  the  face  of 
obstacles.  He  joined  this  Association  in  1885,  has  held  the 
offices  of  assistant  secretary  and  vice-president,  and  has  acted 
on  several  committees.  While  a  member  of  the  Committee 
on  Roads  he  compiled  a  table  showing  the  number  of  miles 
of  roads  in  nearly  every  town  in  the  State,  with  the  amount 
annually  expended  in  their  repairs. 

He  was  especially  interested  in  road  improvement,  both  as 
an  engineer  and  as  a  wheelman. 

Of  the  work  of  any  general  engineer  in  a  small  place  but 
little  of  interest  can  be  said. 

Mr.  Burnett  was  accurate,  reliable,  and  rapid  in  the  field,, 
an  excellent  draughtsman  and  a  good  superintendent. 

Had  he  increased  his  opportunities  by  seeking  employment 
in  other  and  larger  cities,  there  might  have  been  much  more 
to  write  concerning  his  work. 

His  long  service  in  Norwich  made  him  especially  valuable 
to  the  writer,  as  it  gave  him  the  training  and  local  knowledge 
without  which  one  cannot  well  do  the  variety  of  small  jobs 
which  form  so  large  a  part  of  an  engineer's  work  in  a  small 
city. 

Mr.  Burnett  was  a  theoretical  and  practical  mechanic,  and 
would  have  excelled  as  a  mechanical  engineer  or  as  a  worker 
of  wood  or  metal. 

He  was  a  skillful  amateur  photographer  and  an  enthusi- 
astic cycler,  and  was  at  the  time  of  his  death,  vice-president 
of  the  Rose  of  New  England  Wheel  Club. 
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He  was  a  member  of  the  Chelsea  Boat  Club  and  secretary 
and  treasurer  of  the  Norwich  Croquet  Club  on  whose  grounds 
the  National  Croquet  Club  have  their  annual  meets. 

On  a  morning  in  August,  1893,  he  rose  early  at  the  camp 
on  Fisher's  Island,  where  he  was  spending  his  vacation,  and 
noticing  that.a  rising  storm  was  liable  to  damage  the  sailboat 
the  party  were  using,  he,  with  a  friend,  rowed  out  to  the  boat 
with  the  evident  intention  of  moving  it  to  a  more  sheltered 
position. 

In  this  they  were  unsuccessful. 

The  storm  increased  so  rapidly  that  they  were  unable  to 
land  on  the  island,  and  apparently  undertaking  to  make  New 
London,  they  were  drowned  in  Fisher's  Island  Sound. 

His  body  was  recovered,  and  at  the  burial,  representatives 
of  the  various  organizations  to  which  he  belonged,  acted  as 
bearers. 

C.  E.  Chandler. 


The  following  members  were  present  at  the  Annual  Meet- 
ing, held  January  9,  1894: 

E.  P.  Augur, Middletown. 

H.  W.  Ayers,  -- New  Britain. 

C.  E.  Beach, West  Hartford. 

D.  E.  Bradley, East  Berlin. 

C.  H.  BuNCE,  ----_----    Hartford. 

L.  W.  Burt, Hartford. 

W.  H.  Cadwell, New  Britain. 

R.  A.  Cairns, Waterbury. 

Edgar  Clark, Putnam. 

H.  L.  Davis, Wallingford. 

Fred.  De  Peyster, Portland. 

B.  K.  Field, East  Berlin. 

Robert  Fenton,      -        -        -        -        -        -        -        Willimantic. 

W.  E.  Johnson,       ..-----       Glastonbury. 

H.  G.  LooMis, Hartford. 

T.  H.  McKenzie, Southington.  j 

J.  T.  McKnight, Rockville.  j 

R.  J.  Sabin, Pomfret.  i 

A.  R.  Wadsworth,          .-.-.-        Farmington.  | 

W.  H.  Olmsted, East  Hartford.  1 

E.  N.-P1KE, Meriden.  1 

S.  E.  MiNBR,    --------  Greenwich. 
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The  President  has  appointed  the  following  Special  Com- 
mittees for  the  present  year: 


field  work. 

F.  W.  LaForge, 

W.  E.  Johnson, 

SEWERAGE. 

J.  T.  McKnight. 

J.  K.  Wilkes, 

L.  W.  Burt, 

WATER  WORKS. 

W.  H.  Cad  well. 

George  H.  Bishop, 

H.  W.  Ayres, 

RAILROADS. 

R.  A.  Cairns. 

Wm.  G.  Smith, 

L.  B.  Jencks, 

MASONRY. 

J.  M.  McKenzie. 

E.  N.  Pike. 

Geo.  K.  Crandall, 

LAW. 

S.  E.  Miner. 

Chas.  M.  Jarvis, 

H.  L.  Davis, 

Thomas  S.  Bishop. 

An  invitation  from  Mr.  Cairns  in  behalf  of  his  brother  engi- 
neers of  Waterbury  and  himself  to  hold  the  Summer  Meet- 
ing with  them  and  visit  the  new  dam  now  under  construction, 
was  accepted  and  the  Executive  Committee  were  instructed 
to  call  the  meeting  at  such  date  as  should  be  deemed  best  by 
them. 

There  being  no  further  business,  the  meeting  then  ad- 
journed. 
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LIST  OF  MEMBERS, 

WITH  ADDRESSES  AND  DATES  OF  ELECTION. 


}<embers  are  particularly  requested  to  keep  the  Secretary  constantly  informed 
as  to  their  correct  addresses. 

HONORARY  MEMBERS. 

John  E.  Clarke, April,  1884. 

Prof.  Mathematics  at  Sheffield  Scientific  School  of  Yale  University, 
New  Haven,  Conn. 

George  H.  Frost, April,  1884. 

Of  Engineering  Ntws^  New  York  City. 

L.  E.  Gurley, April,  1884. 

Instrument  Maker,  Troy,  N.  Y. 

L.  W.  Gurley, April,  1884. 

Civil  Engineer,  Troy,  N.  Y. 

Edward  C.  Haynes, Jan.  14,  1890. 

West  Torrington,  Conn. 

Henry  T.  Potter, June  7,  1887. 

Civil  Engineer,  Norwich,  Conn. 

Robert  R.  Smith, June  7,  1887. 

Civil  Engineer,  New  Hartford,  Conn. 

CONTRIBUTING  MEMBERS. 

F.  B.  Durfey, Jan.  11,  1887. 

Contractor,  Norwich,  Conn. 

Jay  Carpenter,    -        -        -  * Jan.  10,  1888. 

Sewer  Inspector,  Waterbury,  Conn. 

ACTIVE   MEMBERS. 

Edwin  P.  Augur, April,  1884. 

City  Surveyor,  Middletown,  Conn. 

Henry  W.  Ayers,         .        -        - Jan.  13,  1885. 

Engineer  of  the  Hartford  Water  Works,  New  Britain,  Conn. 

John  W.Bacon, Jan.,  1884. 

Civil  Engineer,  Danbury,  Conn. 
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Roland  D.  Barnes,       .-..---.        April,  1884. 
Civil  Engineer,  Bristol,  Conn. 

Alfred  T.  Beckwith, -        -    Oct.  27,  1886. 

Civil  Engineer,  Perth  Amboy,  N.  J. 

Charles  Edward  Beach,     - Jan.  10,  1893, 

Civil  Engineer,  West  Hartford,  Conn. 

George  H.  Bishop,       ------.-    Jan.  13,  1885 

Hydraulic  Engineer,  Middletown,  Conn. 

Thomas  S.  Bishop, May  31,  1893, 

Engineer  with  Russell  &  Erwin  Mfg.  Co.,  New  Britain,  Conn. 

D.  E.  Bradley, -        -      Jan.  9,  1894. 

Assistant  Engineer  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

D.  S.  Brinsmade,  ---.-.---        April,  1884, 

Engineer  of  Ousatonic  \Vatcr  Power  Co. ,  Birmingham,  Conn. 

Charles  H.  Bunce, April.  1884. 

City  Surveyor,  Hartford,  Conn. 

E.  L.  Brown, Oct.  27,  1886. 

Civil  Engineer,  Brockton,  Mass. 

Luther  W.  Burt, Jan.  13.  1885 

Civil  Engineer,  Hartford  Conn. 

Emil  Charles  Buscher,        ..-.--.    Jan.  10,  1893. 
Central  Valley,  Orange  County,  N.  Y. 

William  H.  Cad  well, May  31,  1893. 

City  Engineer,  New  Britain,  Conn. 

Robert  A.  Cairns, -        -  Aug.  29,  1890. 

City  Engineer,  Watcrbury,  Conn. 

Ralph  B.  Carter, Jan.  14,  1890. 

Civil  Engineer,  Glastonbury,  Conn. 

Charles  E.  Chandler, April.  1884. 

City  Engineer,  Norwich,  Conn. 

Edgar  Clark, June,  1887. 

Civil  Engineer  and  Surveyor,  Putnam,  Conn. 

William  B.  Cochrane, Jan.  14,  1890. 

Civil  Engineer  and  Surveyor,  Stamford,  Conn. 

William  S.  Clark, jan.  14,  189a 

City  Engineer,  Meriden,  Conn. 

R.  C.  p.  Coggeshall, -        -        June,  1887. 

Engineer  and  Superintendent,  Water  Works,  New  Bedford,  Mass. 

George  K.  Crandall, Jan.  11,  1887. 

Assistant  Engineer  of  the  Sewer  Department,  New  London,  Conn. 
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Hiram  Cook, April,  1884. 

Civil  Engineer,  Norwich,  Conn. 

Henry  L.  Davis, Jan.  14,  1890. 

Civil  Engineer,  Wallingford,  Conn. 

Frederick  DePeyster, -       -     Sept.  3,  1891. 

Supt.  Shalcr.&  Hall  Quarry  Co.,  Portland,  Conn. 

A.  B.  Drake, June,  1887. 

City  Engineer,  New  Bedford,  Mass. 

Burr  K.  Field. Sept.  25,  1885. 

Assistant  Eng^ineer  of  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Robert  Fenton, Oct.  27,  1887. 

Civil  Engineer,  Willimantic,  Conn. 

Edwin  P.  Gardner, Dec.  8,  1888. 

Civil  Engineer,  Norwich,  Conn. 

Albert  S.  Glover, Aug.  29,  1890. 

West  Newton,  Mass. 

Edward  O.  Goss, Nov.  29,  1890. 

Engineer  Scovill  Mfg.  Co.,  Waterbury,  Conn. 

S.  C.  Heald, April,  1884. 

Civil  Engineer,  Worcester,  Mass. 

Arthur  H.  Howland, April,  1884. 

Hydraulic  Engineer,  Boston,  Mass. 

Bradley  H.  Hull, April,  1884. 

Civil  and  Hydraulic  Engineer,  Bridgeport,  Conn. 

Robert  S.  Hulburt,     --^ Jan.  13,  1885. 

Civil  Engineer  and  Surveyor,  West  Winsted,  Conn. 

Charles  M.  Jarvis, -        -        -        April,  1884. 

President  and  Chief  Engineer  of  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Lawrence  B.  Jenckes, Aug.  29,  1890. 

Engineer  Consolidated  R.  R.  Co.,  Stamford,  Conn. 

William  E.  Johnson, Nov.  29,  1890. 

Civil  Engineer,  Glastonbury,  Conn. 

G.  a.  King, Oct.  27,  1886. 

Taunton,  Mass. 

J.  W.  Knowlton, Jan.  11,  1887. 

Bridgeport,  Conn. 

Henry  J.  Kellogg,       - --        April,  1884. 

New  Haven,  Conn. 

Frederick  W.  La  Forge,     - Jan.  13,  1885. 

Civil  Engineer,  Waterbury,  Conn. 
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Hiram  G.  Loomis,         --...---        April,  1884. 
Civil  Engineer,  Hartford,  Conn. 

George  K.  McEwen, April,  1884. 

Civil  Engineer,  Bridgeport,  Conn. 

J.  M.  McKenzie,   -----...-        April,  1884. 
Civil  Engineer,  Southington,  Conn. 

Theodore  H.  McKenzie, April,  1888. 

Sanitary  and  Hydraulic  Engineer,  Southington,  Coon. 

Alexander  D.  McLean. Jan.  13,  1885. 

Civil  Engineer  and  Surveyor,  Wallingford,  Conn. 

Shblton  E.  Miner, Sept.  25,  1886. 

Assistant  Engineer  U.  S.  Army  Improvements.  Address,  Greenwich,  Conn. 

William  H.  Olmsted, Jan.  14,  1890. 

Civil  Engineer,  East  Hartford,  Conn. 

John  I.  Osborne, Jan.  12,  1886. 

Civil  Engineer,  Mt.  Carmel,  Conn. 

William  B.  Palmer, Jan.  13.  1885. 

Civil  Engineer  and  Surveyor,  Bridgeport,  Conn. 

Arthur  J.  Patton, -  Sept.  12,  1889. 

Civil  Engineer,  Waterbury,  Conn. 

C.  V.  Pendleton, June,  1887* 

Civil  Engineer,  Yantic,  Conn. 

WiLUAM  E.  Pettee, April,  1884* 

Civil  and  Mining  Engineer,  Lakeville,  Conn. 

Edward  N.  Phelps, Jan.  13,  i8gi. 

Civil  Engineer,  Windsor,  Conn. 

Stephen  C.  Pierson, Jan.  13,  1885. 

Civil  Engineer,  Meriden,  Cond. 

Edward  N.  Pike, Aug.  19,  1890. 

Assistant  City  Engineer,  Meriden,  Conn. 

George  E.  Pitcher, Jan.  11,  1887. 

Civil  Engineer  and  Surveyor,  Norwich,  Conn. 

Daniel  Goffe  Phipps, April,  1884. 

New  Haven,  Conn. 

Edward  H.  Phipps, April,  1884* 

President  and  Engineer  Connecticut  Patent  Water  Pipe  Co., 
New  Haven,  Conn. 

Walter  H.  Richards, April,  1884. 

Engineer  Sewer  Department  and  Superintendent  Water  Works, 
New  Ix>ndon.  Conn. 
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William  B.  Rider, 

Hydraulic  Engineer,  Norwalk,  Conn. 

Joseph  B.  Rider,  -- Jan.  14,  1890. 

Civil  Engineer,  New  York  City. 

Arthur  W.  Rice, April,  1884. 

Civil  Engineer,  New  Britain,  Conn. 

Ralph  J.  Sabin, April,  1884. 

Engineer  and  Surveyor,  Pomfret,  Conn. 

Willlam  G.  Smith, April,  1884. 

Civil  Engineer,  Waterbury,  Conn. 

Albert  F.  Spencer, April,  1884. 

Civil  Engineer  and  Surveyor,  Bridgeport,  Conn. 

L.  A.  Taylor, -         June,  1887. 

Civil  Engineer,  Worcester,  Mass. 

C.  H.  Truesdell, June,  1887^ 

Civil  Engineer,  Central  Village,  North  Grosvenordale,  Conn. 

Walter  Watson,  - Jan.  13,  1885. 

Civil  Engineer,  Pittsfield,  Mass. 

A.  R.  Wadsworth, Oct.  27,  1886. 

Civil  Engineer,  Farmington,  Conn. 

Nelson  J.  Welton, April,  1884. 

Civil  and  Hydraulic  Engineer,  Waterbury,  Conn. 

Joel  M.  Wheeler, June,  1887. 

Civil  Engineer,  Ansonia,  Conn. 

J.  K.  Wilkes, April,  1884. 

Civil  and  Sanitary  Engineer,  New  Rochelle,  N.  Y. 
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TROY,  N.  Y., 

LAROEST  HANCFACTURERS  IN  AMERICA  OF 
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-DEALERS  in- 


Steel  AND  Metallic  Tape  Lines,  Barometers;  Anemometers,  Drawing 

Instruments,  Paper,  Vellum,  Colors  and  Brushes,  Protractors, 

Scales  and  Rules,  T  Squares,  Triangles,  Curves,  Pocket 

Compasses,  Magnifiers,  Telescopes,  and  Field  Glasses. 

PRICE  LIST,  ILLUSTRATED,  MAILED  ON  APPLICATION. 


THE  HARRISBURG 

DOUBLE  ENGINE  STEAM  ROAD  ROLLER. 


The  secret  of  construction  and  maintenance  of  good  roads 

is  an   Improved   Harrisburg   Double  Engine 

Steam   Road   Roller. 


Harrisburff  Patent  Double  Enfirlne  Steam  Road  Roller. 

MANUFACTURED  BY 

pawigbniig  FonndP  j  aqd  Machine  WoP^g, 

HARRISBURG,  PA. 

Many  City  Corporations,  Street  Contractors,  Borough  and 
County  Supervisors  appreciate  the  value  of  good  streets  and 
roads,  and  the  necessity  of  an  Improved  Harrisburg  Double 
Engine  Steam  Road  Roller  in  their  construction. 

Send  for  Catalogue,  Testimonials,  Special  Reports,  and  List  of 

Cities  and  Contractors  usinsr  The  Harrlsburff 

Double  Enfflne  Roller. 

HIGHEST  AWARD,  WORLD'S  FAIR.  -  WRITE  FOR  TESTIMONIAL  LEHER. 


Chattanooga  Foundry  and  Pipe  Works, 


MAKUPACTl'RERS  OF 


CAST 


IRON  GAS  AND  WATER  PIPE. 

Heavy  and  Light  Castings  of  Every  Descrii'tion. 

CHATTAXOOGA,  TENN. 


IMPROVED 

Engineering  and  Purveying  Instruments. 

No.  9  Province  Court,  Boston,  Mass. 

They  aim  to  secure  in  their  ltMmrticnt%:— Accuracy  0/  divisioH:  Simplicity  in  mtinipuU' 
Hon:  Lightness  combined  tvith  strength:  Achromatic  telescopy  with  high  ^otoer;  Steeutintss 
0/  Adjustments  under  varying  temperatures:  Stiffness  to  avoid  any  tremor ^  even  in  a 
strong  windy  and  thorough  workmanship  in  every  part. 

Their  ioBtruments  are  in  greneral  use  by  the  U.  S.  Government  Engineers,  Geologists,  and 
Surveyors,  and  the  range  of  instruments,  as  made  by  them  for  River,  Harbor,  City,  Bridge, 
Tunnel.  Railroad,  and  Mining  Engineering,  as  well  as  those  made  for  Triangulation  <x  Topo- 
graphical Work  and  Land  Surveying,  etc.,  m  larger  than  that  of  any  other  firm  in  the  country. 

Illustrated  Manual  and  Cataloouc  sent  on  Application. 


Castings  for  Building  Purposes, 

—SUCH  AS- 
IRON  COLUMNS,  PLATES,  &c.,  IRON  CHIMNEY  CAPS 

Castings. 

Iron  Manhole  Heads  and  Special  Sewer  Castings. 

The  W&tBPbaPj  FbppbI  FoandPj  and  M&cpB  Cornp&n^ 

Waterbury,  Connecticut. 


T^E  New  Eni^li^nd  E]il$ll££iiill^  (jonpANY, 

17  and  19  Harrison  Ave.,         -        •  Wfiterbupy,  Conn. 

Electric  Work  of  Every  Description. 

Incandescent  Wiring. 

TFie  Complete  Installation  of  LigFit  and  Power  Plants. 

Correspondence  Sollolted  and  Estimates  Furnished. 
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BE  SURE  AND  GET  MY  PRICES  WHEN  READY  TO  PUCE  ORDERS. 

Large  Discounts  to  Dealers  Officials  &  Contractors. 


-bstabi.isb:ep   i.  e  e  s  . 


THE  FARREL  FOUNDRY  IND  MtCHINE  COMPm, 

CHILLED  ROLLS,  HEAVY  ROLLING  MILL  MACHINERY. 
ORE  CRUSHERS  FOR  MAKING  BALLAST  AND  CONCRETE. 


Tliia  style  of  Rock  Breaker,  after  15  years'  practical  test  at  Home  and 
Abroad,  lias  proved  to  be  the  best  ever  designed  for  the  purpose  of 
Breaking  all  kinds  of  hard  and  brittle  substances,  such  as  Quartz,  Kuiery, 
Gold  and  Silver  Ores,  Coal,  Piaster,  Iron,  Copper,  Tin  and  Lead  Ores. 


ESTABLISHED  1856. 


Wawei]  FoflijdPj^  Machine  Gompanj. 

WORKS  AT  PHILLIPSBURG.  NEW  JERSEY, 

SALES  OFFICE,  No.  160  BROADWAY,  N.  Y. 


Cast-Iron  Water  and  Gas 


From  3  to  48  Inches  Diameter. 
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The  Correspondence 

SCHOOLPF  MECHANICS 

AND 

INDUSTRIAL  SCIENCES. 

COURSES  OF  INSTRUCTION. 

1.  MECHANICS. 

2.  MECHANICAL  DRAWING. 

3.  ARCHITECTURE. 

4.  ARCHITECTURAL  DRAWING. 

5.  PLUMBING,  HEATING  AND  VENTILATION. 

6.  ELECTRICITY. 

7.  RAILROAD  ENGINEERING. 

8.  SURVEYING  AND  MAPPING. 

9.  BRIDGE  ENGINEERING. 

10.  ENGLISH  BRANCHES  (including  Arithmetic,  Geography,  u.  8. 
HISTORY,  U.  8.  Civil  Government,  Grammar.  Spelling.  Pen- 
manship, LETTER  writing  AND  BOOK-KEEPING.) 

OBJECT. 

The  education  in  the  theory  of  the  Industrial  Sciences  of  the  working 
and  business  classes  who  can  obtain  such  an  education  in  no  other  way» 
because  their  time  is  occupied  or  their  means  are  limited,  or  both. 

It  is  not  intended  to  fill  the  place  of  the  regular  technical  schools,  but 
to  meet  the  requirements  of  those  who  cannot  possibly  attend  them. 

FOR  WHOM  DESIGNED. 

The  School  is  designed  for  the  instruction  of  Machinists,  Pattern  Makers, 
Boiler  Makers,  Firemen,  Engineers,  Electrical  Emj)loye8,  Sheet  Iron 
Workers,  Cabinet  Makers,  Carpenters,  Builders,  Stair  Builders,  Framers, 
Masons.  Plumbers,  Steam  Fitters,  Gas  Fitters,  Bridge  Builders,  persons 
employed  in  Railroad  Construction  and  Surveying,  Draughtsmen  and 
Foremen,  Superintendents  and  others  interested  m  the  Industrial  Sciences 
taught  in  the  School. 

It  is  also  designed  to  afford  an  opportunity  for  candidates  for  Civil 
Service  Examinations  to  mal^e  preparation  for  them. 

ADVANTAGES. 

Workers  and  busy  people  can  obtain  technical  knowledge. 

All  the  work  is  written  and  is  more  likely  to  be  remembered  than  oral 
work. 

Students  must  be  thorough  as  they  cannot  advance  unless  they  are 
proficient  in  the  preceding  lessons. 

The  students  learn  to  express  themselves  clearly  and  concisely,  and  the 
practice  in  writing  answers  to  questions  is  of  great  value  to  those  re- 
quired to  stand  written  examinations. 

The  Instructor  deals  individually  with  the  student  and  can  better  assist 
and  encourage  him  than  if  he  were  one  of  a  class  being  taught  collectively. 

The  prices  of  Scholarships  are  not  as  great  as  the  cost  of  the  ordinary 
text-books  for  the  technical  courses  taught.  The  student,  in  addition, 
is  directed  and  assisted  by  competent  instructors. 

HOW  TO  LEARN  MORE  ABOUT  THE  SCHOOL. 
Write  for  free  Circular  of  Information  giving  full  particulars,  stating 
the  course  you  think  of  studying,  to 

THE  CORRESPONDENCE  SCHOOL  OF  MECHANICS  AND  INDUSTRIAL  SCIENCES, 

SCRAXTOX,  PA. 


Engineering  News. 


PUBLISHBD  WEEKLY  BY 

ENGINEERING  NEWS  PUBLISHING  COMPANY, 

Tribune  Building,  New  York. 

Sixty'/our  Pages. 


1894.     VOLS.  XXXI.— XXXII. 


D.  McN.  Stauffer,    (  i?j:.«_  Chas.  W.  Baker, 

A.  M.  Wellington,    (  ^-o"*'"-  E.  E.  R.  Tratman, 

Geo.  H.  Frost,  Business  Manager.  M.  N.  Baker, 

F.  P.  Burt,  Assistant  Manager.  C.  S.  Hill,  Chicago,  Ills.  ^ 


Associate  Editors. 


Subscriptions,  Payable  In  Advance— To  United  States,  Canada 
and  Mexico:  One  year,  $5.00 ;  six  months,  $2. 50;  four  months,  $2.00; 
single  copies,  15  cents. 

NO  CLUB  RATES.        NO  COMMISSIONS  TO  AQENTS. 

Bound  Volumes: — 6  months,  I4.00.     12  months,  I6.75. 


!Engrineeringf  !N'e\vs  publishes  each  week  more  than  one  hundred  items 
of  news  relating  to  railroads,  water-works  and  miscellaneous  contracting  intelli- 
gence. 

Officials  of  city,  town,  village,  township,  drainage  district  or  any  other  muni- 
cipal organization  will  find  it  the  cheapest  and  most  profitable 
medium  for  advertising  their  public  works;  city  engineers,  railroad -engineers  and 
managers  will  make  money  by  using  its  columns  for  advertising  proposals;  civil 
engineers  and  contractors  will  find  it  to  their  advantage  to  have  in  it  a  perma- 
nent card,  giving  their  address  and  specialty,  and  everybody  who  has  any  inter- 
est in  public  works  promotion,  planning  or  construction  will  find  it  a  good  in- 
vestment to  be  on  its  subscription  list. 

The  price  for  advertising  proposals  for  contracts  is  20  cents  per  ]S'on- 
pareil  line,  ($2.40  per  inch),  which  is  half  the  rate  of  the  city  dailies,  while 
it  is  many  times  superior,  as  it  goes  directly  to  the  class  for  which  it  is  intended. 

We  especially  solicit  a  trial  of  our  advantages  in  this  line  of  advertising.  It 
-will  pay  advertisers  every  time,  and  it  costs  very  little  when  its 
efficiency  is  well  considered. 

We  hope  that  every  city  and  railroad  engineer  will  take  the  trouble  to  recom- 
mend this  journal  to  the  officials  who  control  the  advertising  of  work  to  be  done. 
They  can  do  such  in  good  faith,  as  they  cannot  Jail  to  appreciate  the  advantages 
we  offer. 

Bngrineeringf  NeiVS  contains  each  week  twenty-four  pages  of  valuable 
reading  matter,  covering  the  entire  field  of  engineering  science  in  both  this  and 
foreign  countries.  Railways,  water-works,  bridges,  manufacturing  and  techni- 
cal, contracting,  mechanical  and  electrical  industries  are  fully  reported,  and  de- 
tailed working  drawings  and  full  descriptions  are  given  of  all  the  more  important 
and  noteworthy  structures  and  enterprises.  Record  is  kept  of  the  proceedings 
of  the  engineering  and  technical  societies  and  clubs,  and  the  latest  technioil 
books  and  magazines  are  fully  reviewed  and  discussed.  The  correspondence  col- 
umns contain  communications  from  engineers,  contractors  and  others,  regarding 
matters  of  current  interest. 

The  advertising  columns  and  those  of  "Construction  News"  constitute  the 
most  complete  record  of  the  current  contract  work  of  engineering  in  the  United 
States  that  is  obtainable.  Together  they  make  a  very  complete  index  of  new 
railroads,  new  water-works,  sewer  building,  street  paving,  highways,  river  and 
harbor  improvement,  bridge  construction,  public  buildings  erected,  tunneling, 
pile  driving,  dredging,  blasting  operations,  experiments  and  actual  work  in  con- 
crete and  cement,  electricity  and  gas,  artesian  wells,  canals,  everything,  in  fact, 
having  any  relation  to  public  works  or  the  business  of  civil  engineering  and  con- 
tracting, while  from  the  abstracts  of  bids  published  from  week  to  week  the  prices 
of  labor,  materials  and  other  elements  of  cost  of  engineering  work  in  different 
parts  of  the  country  are  obtainable. 
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The  Berlin  Iron  Bridge  Company 


Chas.  M.  Jarvis. 

Pres't  a?id  Chief  Eng'r. 

F.  L.  Wilcox,  Treasurer. 


BURB  K.  FlEIJ>. 

Vice-rres't. 
Geo.  H.  Saoe,  Seeretctr^. 


No.  42. 

The  above  illustration,  taken  directly  from  a  photograph,  showB  a  brid^ 
designed  and  built  by  us  at  Torrington,  Conn.,  on  the  New  York,  New 
riaven  tind  Hartford  Railroad. 

Write  for  our  Illustrated  Catalogue. 


No.  4.3. 
The  above  ilhistration,  taken  directly  from  a  photograph,  shows  the  cx>n- 
struction  of  a  Piiralx)lic  Truss  Bridge,  designed  and  built  by  ua  for  the  city 
of  Hin^'hainton,  N.  Y.  The  bridge  consists  of  three  spans  of  165  feet  each. 
with  a  rojulway  24  feet  wide  in  the  Olear,  and  two  sidewalks  each  6  fr^% 
wide  in  the  clear,  , 
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PROCEEDINGS 


SUMMER  MEETING 


Connecticut  Civil  Engineers  AND  SuRVEYORs/ssociATioN, 


WATERBURY.  CONN.,  AUGUST  30,  1894. 


In  accordance  with  the  call  for  the  summer  meeting  the  following 
members  assembled  at  the  City  Engineer's  office,  Waterbury,  Conn., 
at  9.30  a.  m.,  August  30,  1894  : 

E.  P.  Augur,  president,  Middletown,  W.  B.  Palmer,  of  Bridge- 
port; H.  6.  Loomis,  of  Hartford;  W.  E.  Johnson,  Glaston- 
bury; W.  H.  Ohnstead,  of  East  Hartford;  T.  H.  McKenzie  and 
J.  M.  McKenzie,  of  Southington ;  C.  E.  Chandler,  of  Norwich ; 
Geo.  K.  Crandall,  of  New  London ;  H.  L.  Davis,  of  Wallingford ; 
and  N.  J.  Welton,  R.  A.  Cairns,  W.  G.  Smith,  E.  O.  Goss  and  A. 
J.  Patton,  of  Waterbury.  Also  E.  M.  Peck,  of  Bloomfield;  H.  L. 
M.  Ladd,  of  Norwich;  R.  P.  Lewis,  W.  A.  Chace  and  W.  R. 
Eldridge  of  Waterbury,  and  W.  P.  Townsend,  of  Bristol,  as  guests. 

The  party  then  started  in  teams  and  rode  out  West  Main  street  to 
Waterville  following  the  pipe  line  and  making  frequent  stops  for  ex- 
amination of  points  of  special  interest. 

At  Waterville  the  party  boarded  the  train  and  rode  to  Thomaston, 
where  dinner  was  served  at  the  Thomaston  House.   After  dinner  the 
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meeting  was  called  to  order  in  the  reading  room  of  the  hotel,  by 
President  Augur,  with  A.  J.  Patton  as  secretary.  An  application 
for  membership  from  H.  L.  M.  Ladd  was  received  and  laid  over 
until  the  next  regular  meeting.  A  vote  of  thanks  to  Mr.  Cairns  was 
passed  and  he  responded  briefly. 

The  meeting  was  then  adjourned  and  the  party  continued  their 
ride  along  the  pipe  line,  stopping  to  view  several  points  of  special 
interest,  among  which  were  the  big  gates  stationed  two  miles  apart, 
bridge  No.  4  a  60-foot  span,  and  also  the  pipe  laying  which  was  in 
operation  just  above  bridge  No.  2. 

The  dam  was  reached  about  3  o'clock,  and  ample  time  was  given 
for  an  inspection  of  the  location  and  the  excellent  work  being  done, 
all  of  which  received  many  words  of  praise  from  those  fortunate 
enough  to  be  present.  Little  need  be  said  here  of  this  work,  as  we 
have  an  excellent  description  of  the  work  published  elsewhere  in 
this  report. 

After  an  inspection  of  the  basin  to  be  flowed,  the  party  returned 
after  a  pleasant  and  instructive  trip. 
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PROCEEDINGS 

07TBB 

ELEVENTH  ANNUAL  MEETING 

OF  THB 

Connecticut  Civil  Engineers  and  Surveyors/ssociation 

HELD  AT 

HARTFORD,  CONN..  JANUARY  8,  1895. 


The  eleventh  annual  meeting  of  the  Association  was  held  at  City 
Hall,  Hartford,  Conn.,  January  8th,  1895. 

The  meeting  was  called  to  order  at  10.40  a.  m.  by  President  E.  P. 
Augur,  the  following  members  being  present  : 

Edwin  P.  Augur,  Middletown;  Charles  E.  Beach,  West  Hart- 
ford; D.  E.  Bradley,  East  Berlin;  Charles  H.  Bunce,  Hartford; 
Luther  W.  Burt,  Hartford ;  William  H.  Cadwell,  New  Britain ; 
Robert  A.  Cairns,  Waterbury;  Charles  E.  Chandler,  Norwich; 
Henry  L.  Davis,  Wallingford;  L.  E.  Daboll,  New  London ;  Courtland 
R.  Darrow,  Norwich;  Burr  K.  Field,  East  Berlin  ;  Charles  M.  Jar- 
vis,  East  Berlin ;  William  E.  Johnson,  Glastonbury;  Frederick  W. 
LaForge,  Waterbury;  Hiram  G.  Loomis,  Hartford;  Henry  L. 
Ladd,  Norwich;  J.  M.  McKenzie,  Southington ;  Theodore  H.  Mc- 
Kenzie,  Southington ;  William  H.  Olmstead,  East  Hartford;  Ste- 
phen C.  Pierson,  Meriden;  Edward  N.  Pike,  Meriden  ;  William  B. 
Palmer,  Bridgeport ;  Shepard  B.  Palmer,  Norwich ;  Ermon  M.  Peck, 
Bloomfield;  Joseph  B.  Rider,  New  York;  William  G.  Smith, 
Waterbury;  George  H.  Sage,  East  Berlin;  A.  R.  Wadsworth,  Far- 
mington;  J.K.  Wilkes,  New  Rochelle,  N.  Y. 

The  reading  of  the  minutes  of  the  last  business  meeting  was  dis- 
pensed with  as  they  had  been  published  in  the  report  of  the  secre- 
tary and  were  in  the  hands  of  the  members. 

The  secretary  then  read  his  report  as  follows : 
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SECRETARY'S  REPORT. 


To  the  Officers  and  Members  of  the  CwU  Engineers  and  Surveyors  Associ- 
ation 0/  Connecticut: 

Gentlemen  : — ^The  committee  appointed  at  the  last  annual  meet- 
ing to  revise  the  membership  list  met  some  two  weeks  after  adjourn- 
ment at  the  office  of  Mr.  Chas.  H.  Bunce  and  gave  the  matter 
careful  consideration.  It  was  found  that  so  many  of  the  more  prom- 
inent and  influential  members  of  the  Association  were  in  arrears, 
that  no  radical  change  could  be  made  without  greatly  reducing  the 
list  of  members,  and  in  a  measure  affecting  the  vitality  and  useful- 
ness of  the  organization.  It  was  decided  to  have  the  secretary  send 
out  notices  of  amount  of  dues  to  each  delinquent  member  and  post- 
pone the  final  revision  to  some  future  meeting  of  the  committee. 
The  increase  from  $165  received  from  dues  for  1893  to  $192  re- 
ceived from  dues  for  1894  which  the  treasurer  will  report  for  the 
last  year  is  mainly  attributable  to  the  action  taken  by  the  committee 
at  this  meeting. 

The  secretary  would  report  that  the  present  list  includes  thirty-two 
names  whose  dues  are  in  arrears  from  one  to  six  years,  and  which 
if  collected  would  amount  to  a  sum  in  excess  of  $300. 

A  delightful  and  instructive  summer  meeting  was  held  at  Water- 
bury  on  August  30th,  1894,  in  accordance  with  an  invitation  ex- 
tended to  the  Association  by  Mr.  R.  A.  Cairns,  city  engineer,  with 
some  twenty  members  present. 

The  party  leaving  Waterbury  at  10  o'clock  travelled  along  the  line 
of  pipe  laying  to  Waterville,  thence  by  train  to  Thomaston  where 
dinner  was  had.  At  1  o'clock  teams  were  taken,  and  the  party  drove 
several  miles  along  lines  of  difficult  pipe  laying^  showing  at  varioiis 
points  many  features  of  rare  engineering  skill.  The  dam  was 
reached  at  3  o'clock,  where  the  party  remained  for  nearly  an  hour, 
going  over  the  dam  and  noting  both  the  work  in  progress  and  pro- 
spective. Returning  the  party  reached  Waterbury  at  5.50  in  time 
for  outgoing  trains.  All  voted  the  day  a  great  success,  and  extended 
to  Mr.  Cairns  their  hearty  thanks  for  his  kindness  and  many  courte- 
sies. 
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One  thousand  copies  of  the  Association's  proceedings  have  been 
printed  and  distributed  to  its  members  and  with  various  exchanges. 

The  secretary  would  report  four  applications  for  membership,  and 
we  have  lost  by  resignation  two  members. 

Acknowledgement  is  hereby  made  by  the  secretary  of  the  valuable 
aid  and  assistance  he  has  received  from  the  president  and  commit- 
tees during  the  year  in  the  preparation  and  printing  of  the  reports. 
Respectfully  submitted , 

A.  R.  WADSWORTH,  Secretary, 

Parmington,  January  8,  1895. 

It  was  voted  that  the  report  of  the  secretary  be  accepted  and  ap- 
proved, and  ordered  printed  in  the  annual  report  of  the  Association. 
The  treasurer  then  submitted  the  following : 

TREASURER'S  REPORT. 


To  the  Officers  and  Members  of  the  CM  Engineers  and  Surveyors  Associa- 
tion of  Connecticut: 

Gentlemen: — I  herewith  submit  the  following  statement  of  the 
receipts  and  expenditures  of  the  Association  from  January  10,  1894, 
to  January  8,  1895,  as  follows,  viz: — 

RECEIPTS. 

Balance  on  hand  Jannary  10, 1894 ^ .  .$  78.13 

BeceiYed  from  mebership  dues 192.00 

••  "      adTertisements 84.00 

Total $354.13 

EXPENDITURES. 

Express $    4.31 

Stenographer 12.50 

Envelopes,  postage  and  wrappers 13.77 

Printing 207.54 

Secretary  and  treasurer 25.00 

Balance  in  treasury 91.01 

Total $354.13 

A.  R.  WADSWORTH,  Treasurer, 
Fabxinoton,  Gokk.,  January  7,  1895. 
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It  was  voted  that  the  report  of  the  treasurer  be  accepted  and  or- 
dered printed  in  the  annual  report  of  the  Association. 

The  following  applications  for  membership  were  received  and  re- 
ferred to  the  committee  on  membership : 

George  H.  Sage,  of  East  Berlin  j  Ermon  M.  Peck,  of  Bloomfield, 
Conn.;  L.  E.  DaboU,  of  New  London,  Conn.;  Courtland  E.Darrow, 
of  Norwich,  Conn.;  and  Shepard  B.  Palmer,  of  Norwich,  Conn., 
for  resident  active  membership,  and  Henry  LaMott  Ladd,  of  Nor- 
wich, Conn.,  for  associate  membership. 

Upon  the  favorable  report  of  the  committee  the  above  were  duly 
elected  to  membership. 

President  Augur  then  read  the  annual  address  of  the  retiring 
president. 

ANNUAL  ADDRESS  OP  THE  RETIRING  PRESIDENT. 

In  accordance  with  the  custom  of  previous  years,  this  address 
will  be  for  the  most  part  a  summary  of  the  more  important  engineer- 
ing work,  either  completed  or  in  progress  of  construction,  within 
this  state  during  the  past  year,  so  far  as  the  same  has  come  to  my 
knowledge,  including  also  other  similar  work  done  outside  the  state, 
under  the  personal  charge  or  supervision  of  members  of  this  Associ- 
ation, concerning  which  information  has  been  given. 

Under  the  head  of  railroads,  the  work  done  by  the  New  YoA, 
New  Haven  and  Hartford  Railroad  company  has  been  of  the  great- 
est magnitude  and-importance  of  any  which  has  been  reported.  This 
company  has,  for  several  years,  been  carrying  out  very  great  and 
expensive  improvements  on  the  various  lines  of  railway  imder  its 
management  and  control,  particularly  on  the  Shore  Line  division, 
and  on  the  main  line  between  New  Haven  and  New  York  ciiy. 
These  improvements  have  included  changing  on  the  Shore  Line  di- 
vision from  single  to  double  track,  and  on  the  main  line  from  two 
tracks  to  four.  On  each  division .  the  alignment  of  the  road  has 
been  greatly  improved,  by  considerable  deviation  at  many  places 
from  the  lines  of  the  original  layout.  These  changes,  in  nearly 
every  instance,  have  necessitated  large  expense  for  excavating  and 
grading  the  roadbed,  much  of  the  excavation  having  been  through 
rock.  In  making  these  changes  all  grade  crossings  at  highways  have 
been  eliminated. 


AND  8UBVKY0RS  ASSOCIATION.  11 

The  more  important  items  of  the  improvements  made  by  this  com- 
pany during  the  past  year,  not  including  the  purchase  of  real  estate 
for  the  same,  are  the  following : 

The  construction  of  a  new  yard  for  freight  purposes  at  Van  Nest, 
on  the  Harlem  River  branch,  now  in  progress,  on  which  thus  far 
about  $60,000  has  been  expended. 

The  building  of  a  new  freight  terminal  at  Woodlawn,  recently 
completed,  at  a  cost  of  about  $25,000. 

Changing  on  the  main  line  from  two  tracks  to  four,  from  Mount 
Vernon  to  New  Rochelle,  together  with  a  new  station  at  Mount  Ver- 
non, all  of  which  will  probably  be  completed  by  February  1,  1895, 
on  which  about  $500,000  has  been  expended  during  the  past  year. 
A  similar  change  between  Port  Chester  and  Stamford,  now  in 
progress,  upon  which  there  has  been  expended  during  the  past  year 
about  $350,000. 

A  similar  change  between  Glenbrook  and  South  Nor  walk,  now 
nearly  completed,  on  which  has  been  expended  during  the  past  year 
about  $450,000. 

A  similar  four-track  improvement  between  the  Housatonic  River 
and  New  Haven,  which  is  completed  and  in  use,  on  which  has  been 
expended  during  the  past  year  about  $700,000. 

A  new  engine-house  at  New  Haven  containing  thirty-four  stalls, 
to  be  completed  and  ready  for  occupancy  about  the  1st  of  February 
of  this  year,  which  will  cost  exclusive  of  grading,  etc.,  about 
$45,000.  The  company  also  have  under  construction  a  **Pintsch'' 
gas  plant  at  New  Haven,  for  supplying  the  various  buildings  owned 
by  the  company  in  that  city,  and  also  its  passenger  cars.  The  cost 
of  this  plant  will  be  from  $40,000  to  $50,000. 

On  the  New  London  division,  the  work  of  changing  the  double 
track  has  been  completed  from  New  Haven  to  New  London.  In 
this  work,  and  in  the  elimination  of  eighteen  grade  crossings  on  that 
division,  about  $350,000  was  expended  during  the  past  year. 

The  foregoing  particulars  were  kindly  given  by  Mr.  F.  S.  Curtis, 
the  chief  engineer  of  the  company. 

Quite  a  large  aggregate  amount  of  electric  street  railway  has  been 
constructed  during  the  past  year.  The  following  items  of  such 
work  have  been  reported: 

At  New  Haven,  12  6-10  miles  in  length,  no  distinction  beingmade 
between  single  and  double  track.     At  Bridgeport,  43  44-100  miles, 
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including  turnouts.  This  is  known  as  the  Traction  Company's  elec- 
tric road,  the  lines  of  which  extend  from  the  city  eastward  through 
Stratford  and  to  the  Housatonic  River,  westward  through  Fairfield 
to  Southport,  and  northward  to  the  city  limits.  This  company  is 
now  running  45  cars. 

At  New  Britain,  an  extension,  southward  to  Berlin,  about  four 
miles  in  length.  Surveys  have  been  made  for  an  extension  to  Hart- 
ford, a  distance  of  about  ten  miles. 

At  Middletown  about  four  and  one-fourth  miles  in  length  of  such 
railway  has  been  laid,  equipped  and  put  in  operation,  the  cost  of  the 
same  having  been  from  $30,000  to  $35,000. 

At  Hartford  about  eighteen  miles  of  such  railway  has  been  con- 
structed in  the  city  of  Hartford,  and  twenty- seven  miles  of  suburban 
lines  have  been  already  built  or  are  to  be  built  in  the  near  future. 

An  electric  road  has  been  constructed  at  Danbury,  the  length  and 
other  details  of  which  have  not  been  reported.  An  electric  road 
has  been  constructed  from  Waterbury  to  Naugatuck. 

An  extension  of  the  switch-back  railway  from  the  wharf  on  the  Con- 
necticut river  to  the  granite  quarries  of  William  Engeman,  atMaro- 
mas,  in  the  town  of  Middletown,  one  and  one-half  miles  in  length,  has 
been  laid  out  and  proposals  for  grading  the  roadbed  for  the  same 
have  been  received,  the  work  to  be  completed  before  May  1,  1895. 
This  work  involves  about  6,000  cubic  yards  of  rock  excavation  and 
12,000  cubic  yards  of  earthwork.  The  railway  is  to  run  to  a  quarry 
over  300  feet  in  elevation  above  the  Connecticut  river. 

Under  the  head  of.  sewerage  are  the  following  items  : 

At  New  Haven,  16,009.7  lineal  feet,  or  a  little  over  three  miles 
of  public  sewers  have  been  constructed  during  the  past  year,  at  a 
cost  of  $99,927.61,  the  lengths  and  sizes  of  the  same  being  as  fol- 
lows: Of  brick,  of  66-inch  sewer,  695.6  feet;  of  48-inch,  1,207.3 
feet;  of  42-inch,  1,007.7  feet;  of  30-inch,  1,614.1  feet;  of  24- 
inch,  1,298.5  feet;  of  vitrified  pipe  sewers,  of  18-inch,  1,335.2 
feet;  of  IS-inch,  4,113.3  feet;  of  12-inch,  4,738  feet. 

At  Meriden,  18,426  feet  of  sewers,  ranging  in  iSze  from  8  inches 
to  12  inches  in  diameter,  have  been  laid,  at  a  cost  of  $36,953.52 ; 
15,446  feet  in  length  of  these  sewers  being  of  8  inches  diameter. 

At  New  Britain  somewhat  more  than  $10,000  has  been  expended 
'  during  the  past  year  for  the  construction  of  new  sewers,  the  details 
for  which  have  not  been  reported. 
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At  Hartford  5,824  lineal  feet  of  sewers,  10  inches  to  24  inches 
in  diameter,  have  been  constructed  the  past  year  at  a  cost  of  $12,- 
671.08. 

At  Waterbnry  about  $10,000  has  been  expended  for  the  construc- 
tion of  a  2-ft.  X  3-ft.  brick  sewer,  180  feet  in  length,  and  at  an  av- 
erage depth  of  excavation  of  16  feet ;  $7,000  more  has  been  spent 
for  sewers  of  smaller  sizes  of  2,700  feet  aggregate  length.  Surveys 
and  investigations  are  being  made  to  devise  some  suitable  and  ef- 
fective method  of  sewage  disposal  for  this  large  and  rapidly  grow- 
ing inland  city. 

At  Middletown  3,630  lineal  feet  of  public  sewers,  8  inches  to  15 
inches  in  diameter,  have  been  laid  at  a  cost  of  $4,439.44. 

At  Norwich,  Conn.,  about  3,800  lineal  feet  of  public  and  private 
sewers  have  been  built  at  a  cost  of  about  $3,750. 

At  New  London  1,600  feet  of  public  sewers  have  been  laid  at  a 
cost  of  about  $2,500. 

At  Willimantic  about  $3,000,  and  at  East  Hartford  about  $1,000 
have  been  expended  for  new  sewers  during  the  year. 

Improvements  in  the  way  of  sewerage  and  water  supply  for  Wind- 
ham county  jail  have  been  planned  and  partly  or  wholly  carried  out 
at  a  cost  of  about  $1,000. 

About  $400  have  been  expended  at  Middlesex  county  jail  in  pro- 
viding sewerage  for  that  institution. 

A  12-inch  sewer  1,000  feet  in  length,  has  been  laid  at  Greenwich 
at  a  cost  of  $1,500.  Surveys  also  have  been  made  for  a  trunk  sewer 
3  miles  in  length,  the  estimated  cost  of  which  is  $30,000. 

One  member  reports  having  planned  a  system  of  sewers  during 
the  year,  but  does  not  mention  the  locality  or  give  any  particulars 
concerning  the  same.  The  foregoing  statement  concerning  the 
amounts  of  sewer  construction  in  the  state  does  not,  of  course,  in- 
clude all  of  such  work  actually  done,' no  reports  having  been  re- 
ceived from  Danbury,  Bridgeport,  South  Norwalk  and  from  a  few 
smaller  places. 

Under  the  head  of  water  works  may  be  mentioned  first,  the  work 
in  progress  during  the  past  year  on  the  new  dam  and  36-inch  cast- 
iron  conduit  about  ten  miles  in  length,  for  an  additional  water  sup- 
ply for  the  city  of  Waterbury.  On  this  work  about  $450,000  has 
been  expended  during  the  past  year,  mostly  in  laying  the  ten  miles 
of  36-inch  cast-iron  conduit,  and  for  about  66,000  cubic  yards  of 
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masonry  in  the  new  dam,  and  other  items  of  work  incidentally  con- 
nected with  either  pipe-laying  or  masonry  construction.  As  a  large 
number  of  the  members  of  this  Association  visited  this  work  last 
summer,  and  as  you  are  to  hear  and  see  more  of  it  during  the  ses- 
sions of  our  meeting  today,  further  mention  at  this  time  is  need- , 
less.  A  work  of  hardly  less  magnitude  and  importance,  which  has 
also  been  in  progress  during  the  past  year,  is  that  now  well  along 
toward  completion,  for  furnishing  an  addition  to  the  water  supply  of 
the  city  of  Hartford.  I  am  unable  to  give  any  very  definite  state- 
ments concerning  the  details  of  this  improvement  or  of  the  amount 
expended  on  the  same  during  the  past  year.  At  some  time,  per- 
haps, a  paper  may  be  presented  by  the  engineer  of  the  work  de- 
scribing the  same,  and  perhaps  an  opportunity  may  be  given  to  visit 
the  locality  and  examine  the  work. 

Among  the  items  of  less  magnitude  may  be  mentioned  a  system 
of  water  works,  gravity  pressure,  for  the  village  and  summer  resort 
of  Norfolk,  Conn.  The  water  is  taken  from  Canaan  Mountain  Pond, 
which  has  an  area  of  300  acres,  and  a  flow  said  to  be  always  saf- 
ficient  to  supply  the  full  discharging  capacity  of  a  24-inch  pipe,  the 
water  being  of  unusually  good  quality.  The  pipe  line  for  about 
3,200  feet  from  the  pond  is  through  rock  cutting,  in  which  the  size 
of  the  main  .is  16  inches ;  thence  for  2,000  feet,  14  inches  ;  thence 
4,900  feet,  12  inches;  thence  6,000  feet,  10  inches,  to  the  village 
distributing  mains,  which  consist  of  4,000  feet  of  8-inch,  16,500 
feet  of  6-inch,  and  3,000  feet  of  4-inch  pipe.  The  system  has  40 
Ludlow  fire  hydrants  and  6  sprinkling-cart  hydrants.  The  least  head 
at  any  point  is  60  feet,  the  greatest  480  feet.  The  contract  price  for 
construction  and  keeping  the  system  in  good  repair  for  one  year  was 
$47,890.     The  works  are  not  yet  completed. 

A  system  of  water  works,  has  been  designed-  for  the  village  of 
Southport,  estimated  to  cost  $60,000. 

At  Jewett  City  a  local  water  company  has  begun  the  construction 
of  a  system  of  water  works  estimated  to  cost  when  completed  $75,- 
000. 

A  steam  pumping  plant  has  been  constructed  for  the  city  of  Wil- 
limantic,  to  increase  its  water  supply,  at  a  cost  of  about  $16,000. 

At  Norwich  8,068  lineal  feet  of  new  water  mains  have  been  laid 
at  a  cost  of  $4,461.84.  About  13,300  feet  of  old  cement  mains 
have  been  replaced  with  cast  iron  in  most  instances  of  larger  sizes, 
at  a  cost  of  $13,183.93. 
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A  new  water  supply  for  the  village  of  Westport  has  been  under 
construction  during  the  past  year,  and  is  not  yet  completed,  the  cost 
to  be  about  $50,000. 
A  small  water  works  for  private  parties  has  been  designed  in 
*  Woodstock,  and  another  in  Pomfret,  one  taking  water  from  a  spring 
the  other  from  a  pond ;  one  having  6,000  feet  of  pipe,  the  other 
3,000 ;  each  costing  from  $5,000  to  $10,000. 

A  filter  bed  has  been  constructed  during  the  year  for  the  South 
Manchester  water  works  at  a  cost  of  $6,000,  and  a  smaller  filter  for 
the  water  works  which  supply  the  village  of  Farmington. 

A  system  of  water  works  has  been  constructed  by  one  of  our 
members  for  the  village  of  Union ville,  N.  Y.,  consisting  of  a  reser- 
voir, the  dam  being  800  feet  long  and  20  feet  high,  with  a  system  of 
mains. 

An  additional  supply  for  the  water  works  of  the  Bristol  Water 
company  has  been  provided  during  the  year  by  the  construction  of 
a  reservoir  in  the  town  of  Plymouth  at  a  cost  of  $12,000. 

Improvements  have  been  in  progress  at  the  Shuttle  Meadow  res- 
ervoir of  the  New  Britain  water  works,  in  completing  the  work 
partly  done  last  year,  about  the  reservoir,  and  building  several  brick 
and  stone  arch  bridges  over  the  canals  leading  into  the  reservoir. 

Under  the  head  of  dams  for  water  power,  very  little  has  been  re- 
ported. Surveys  and  plans  have  been  made  in  Norwich  and  vicinity 
for  development  of  water  power,  the  cost  of  the  dams  and  other  im- 
provements to  be  about  $25,000. 

Surveys  and  plans  have  been  made  for  a  water  power  and  electric 
plant  at  Branford,  estimated  to  cost  $100,000. 

Under  the  head  of  bridges,  quite  a  number  of  bridges  have  been 
reported  in  detail. 

Some  of  these,  and  a  large  number  of  others,  were  designed  and 
made  by  an  iron  bridge  company,  located  within  our  state,  several 
of  whose  engineers  are  members  of  our  association.  Including  the 
bridges  erected  in  this  state,  and  those  made  in  this  state  but  erected 
outside  the  state,  probably  not  less  than  $350,000  has  been  expended 
during  the  past  year. 

A  large  and  important  bridge  is  now  under  contract,  to  be  erected 
over  the  Connecticut  river,  to  replace  the  old  Burr  Truss  highway 
bridge,  between  the  city  of  Hartford  and  East  Hartford.  This 
bridge  is  to  be  erected  at  the  expense  of  the  state,  and  is  to  cost 
about  $279,000. 
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The  following  items  of  roadway  improvements  have  been  re- 
ported: Three  thousand,  two  hundred  and  forty-eight  square  yards 
granite  block  pavement  in  Meriden,  costing  $11,009.98.  Three 
thousand,  five  hundred  yards  pavement  of  a  similar  kind  in  the  city 
of  Norwich,  costing  $7,500.  Also  5,000  square  yards  of  macadam 
in  that  city,  costing  $4,500,  and  18,000  square  yards  of  macadam  in 
the  town  of  Norwich,  outside  the  city,  costing  $11,500.  Three 
miles  of  macadam  road  has  been  constructed  in  the  town  of  Gris- 
wold  at  a  cost  of  $18,000. 

Surveys  are  also  reported  having  been  made  for  the  town  of  Put- 
nam, providing  for  an  outlay  of  about  $7,000  for  macadamizing. 

About  two  miles  in  length  of  roadway  has  been  macadamized  in 
New  Britain,  the  cost  not  having  been  reported. 

Three  thousand  two  hundred  and  sixty-seven  square  yards  of 
granite  block  pavement  on  a  concrete  base  has  been  laid  in  Hartford 
at  a  cost  of  $11,216;  also  2,139  square  yards  of  asphalt  pavement 
costing  $6,249. 

About  $12,000  was  expended  in  Waterbury  during  the  past  year 
for  granite  block  paving. 

One  and  three-fourths  miles  of  macadam  road  was  constructed 
during  the  year,  in  or  near  the  town  of  East  Hartford,  at  a  cost  of 
$17,000. 

At  Middletown  about  8,000  square  yards  of  roadway  was  macad- 
amized or  surface  hardened,  with  broken  stone,  at  a  cost  of  $3,200. 

One  half-mile  track  has  been  graded  and  built  the  past  year  in 
the  town  of  Berlin,  Conn. 

One  member,  not  at  all  of  a  belligerent  temperament  of  dis- 
position, reports  having  been  connected  with  fifteen  or  twenty  cases 
of  litigation  during  the  past  year. 

Probably  almost  every  other  engineer  who  has  been  engaged 
during  the  past  year  in  a  general  practice  has  had  more  or  less  of 
such  professional  work,  in  either  making  surveys,  maps  and  plans  to 
elucidate  the  testimony  of  other  witnesses,  or  in  investigation  and 
testimony  as  an  expert.  Only  one,  however,  of  those  who  have  re- 
ported have  .made  any  mention  of  such  work. 

Quite  a  large  amount  of  engineering  or  surveying  work  has  been 
done  which  is  of  too  general  and  ordinary  a  character  to  be  worthy 
of  special  mention,  but  which  nevertheless  occupies  a  large  share  of 
the  time  and  attention  of  many  of  us.     These  common-place  mat- 
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ters  of  our  professional  practice  might  furnish  or  suggest  subjects 
for  some  most  interesting  and  valuable  papers. 

One  member  of  the  association  has  during  the  year  dropped  his 
professional  work  as  an  engineer  to  accept  the  presidency  of  a  large 
manufacturing  corporation.  Several  of  our  members  now  occupy 
the  position  of  president,  vice-president,  secretary,  or  superintendent 
of  such  corporations. 

As  heretofore,  I  wish  to  acknowledge  the  valuable  assistance  and 
hearty  co-operation  of  the  members  in  the  work  of  the  association 
during  the  year  past.  If  we  have  maintained  the  standing  of  pre- 
vious years,  or  improved  upon  it,  the  credit  of  so  doing  is  largely 
yours.  This  full  and  varied  programme  for  this  meeting,  and  the 
fact  that  two  or  three  papers  are  already  promised  for  coming  meet- 
ings, show  a  good  degree  of  interest  and  a  willingness  to  promote 
the  success  of  our  association  by  contributing  as  we  are  able,  to  its 
hterary  work.  In  retiring  from  the  position  of  presiding  officer,  I 
bespeak  for  my  successor,  and  the  other  officers  the  same  loyal  sup- 
port you  have  given  to  us,  the  officers,  for  the  past  year. 


Mr.  Chandler  of  Norwich  introduced  the  following  resolution: 

"Resolved,  That  the  president  be  and  hereby  is  directed  on  behalf  of  this 
Association  to  ask  the  general  assembly  to  pass  a  law  restricting  the  nse  of 
narrow  tires  and  encouraging  the  nse  of  wide  tires  on  vehicles  carrying  heavy 
loads.'' 

Mr.  Loomis. — What  width  of  tire  is  to  be  used? 

Mr.  Chandler. — No  one  expects  that  the  legislature  will  pass 
any  law  until  the  people  want  it.  Public  opinion  must  be  created 
and  aroused  to  obtain  favorable  legislation.  That  is  all  that  is  con- 
templated by  this  action. 

T.  H.  McKenzie. — I  believe  that  committees  have  been  appointed 
by  the  State  Board  of  Trade,  the  State  Board  of  Agriculture  and 
this  Association  to  formulate  a  law  specifying  the  width  of  tires  to 
be  used  and  to  present  a  proper  bill  to  the  legislature. 

Pres.  Augur. — Is  there  to  be  a  movement  to  pass  the  law  pro- 
posed a  year  ago  t 

T.  H.  McKenzie.— The  State  Board  of  Trade  have  formulated  a 
resolution  asking  for  an  appropriation  to  carry  out  the  work.  An 
effort  will  be  made  to  secure  active  legislation  in  the  line  of  Mr. 
Chandler's  resolution.     Last  year  the  committees  were  successful 
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in  the  matter  of  improved  highways  and  width  of  tires.  A  majority 
were  in  favor  of  passing  the  bill  but  when  it  came  up  there  was  not 
a  quorum  present.  The  next  day  the  enemies  of  the  bill  had  mus- 
tered force  enough  to  defeat  it. 

C.  H.  BuNCE. — A(VTiile  I  am  in  favor  of  this  matter  I  have  had  in 
mind  a  question  whether  this  was  a  matter  proper  for  state  le^&la- 
tion.  Whether  it  was  not  a  matter  to  be  dealt  with  by  individual 
communities.  The  statement  just  made  by  Mr.  McEenzie  has  par- 
tially answered  the  question.  If  taken  up  in  connection  with  im- 
proved roads  it  may  be  a  matter  for  state  legislation. 

Mr.  Burke  — I  am  entirely  in  accord  with  Mr.  Chandler's  idea 
in  reference  to  width  of  tires.  At  the  same  time  it  seems  to  be  a 
matter  in  which  we  should  proceed  with  caution.  It  should  be 
thoroughly  considered  in  all  its  aspects  before  any  definite  action  is 
taken.  We  appreciate  the  fact  that  wide  tires  would  be  a  great  ad- 
vantage to  good  roads.  I  would  suggest  that  a  committee  be  ap- 
pointed to  confer  with  the  Board  of  Agriculture  and  those  who  are 
conversant  with  the  action  already  taken. 

C.  H.  BuNCE. — Is  there  not  a  committee  on  better  roads  that  has 
not  been  discharged  1 

Sec'y.  Wadsworth. — There  is  and  it  was  continued. 

Pres.  Augur. — I  would  prefer  that  a  committee  be  appointed, 
not  have  it  left  to  the  president. 

Mr.  McKenzie. — I  move  that  the  matter  be  referred  to  the  pres- 
ent committee  and  that  its  powers  be  enlarged. 

Mr.  Loomis. — I  think  we  ought  to  look  into  that  matter  and  have 
some  specific  width  to  recommend. 

Mr.  Chandler. — These  resolutions  are  not  a  definite  bill  but  are 
designed  to  show  the  legislature  what  the  people  want.  This  will 
aid  the  work  of  the  committee  and  others. 

Mr.  McKenzie. — ^I  move  that  the  name  **  Committee  on  Improved 
Roads,'' be  substituted  for  the  word  *' President "  and  that  Mr. 
Chandler's  name  be  added  to  the  committee. 

Mr.  Chandler. — ^The  motion  is  all  right  without  my  name. 

Mr.  McKenzie. — I  object  to  any  change  of  my  motion.  I  think 
it  is  important  that  Mr.  Chandler  should  be  added  to  the  committee. 
He  is  associated  with  the  Norwich  Board  of  Trade  which  has  been 
very  active  in  this  movement.  The  amendment  was  carried.  The 
motion  as  amended  was  carried. 
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The  committee  consists  of  E.  P.  Augur,  R.  A.  Cairns,  Wm.  H. 
Olmsted  and  Chas.  E.  Chandler. 

The  election  of  officers  was  then  taken  up  and  Messrs.  E.  N. 
Pike  and  W.  H.  Cad  well  were  appointed  tellers 

Pres.  Augur. — Lest  some  one  should  pay  me  the  compliment  of 
voting  for  me  I  desire  to  say  that  for  reasons  of  my  own  and  for 
the  good  of  the  Association  1  must  positively  decline  a  re-election. 

Mr.  Wadsworth. — I  wish  to  thank  all  my  friends  for  the  honors 
they  have  conferred  upon  me,  but  I  must  positively  decline  to  serve 
again.  I  have  had  the  profits  and  the  honors  of  the  office  for  three 
years.  There  is  nearly  $100  in  the  treasury  and  I  think  the  affairs 
of  the  office  are  in  such  shape  that  it  will  be  comparatively  easy  for 
some  one  else  to  go  on  with  the  work. 

The  Association  then  proceeded  with  the  election  of  officers  with 
the  following  result: 

Wm.  G.  Smith,  Waterbury President, 

R,  A.  Caibms,  Waterbnry,        -        -        -        -  First  Vice-President 

T.  H.  McKsNziK,  Soathington,        .        -        -        Second  Vice-President. 
Geo.  K.  Cbandall,  New  London,  -        -      Secretary  and  Treasurer. 

Fj>wjliii>  N.  Piki,  Meriden,  ....    Assistant  Secretary, 

EXECUTIVE    COMMITTEE. 

Wm.  G.  Smith, Waterbury. 

0.  H.  BuNOK.            --.-.-.-  Hartford. 

Wm.  B.  PiiiMKB,               Bridgeport. 

P.  W.  LaFobob, Waterbury. 

R.  A.  Gaibnb, Waterbury. 

MEMBERSHIP    COMMITTEE. 

Chas.  E.  Chandlbb, Norwich. 

Wm.  H.  Olmstkad, East  Hartford. 

Wm  H.  Cadwbix,            -        - New  Britain. 

The  meeting  was  then  adjourned  until  2  p.  m.,  and  the  members 
went  to  the  United  States  Hotel  to  dinner. 

AFTERNOON  SESSION. 

The  afternoon  session  was  called  to  order  at  2.25  p.  m.  by  Pres- 
ident Augur. 

F.  W.  LaForge  read  the  report  of  the  special  committee  on  Field 
Work. 

President-elect  Wm.  G.  Smith  read  a  paper  on  Electric  Railways. 

Before  reading  the  paper  Mr.  Smith  stated  that  he  found  it  al- 
most impossible  to  keep  track  of  all  the  progress  in  electrical  im- 
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provements  recently  made.  The  interest  in  the  work  was  so  general 
that  he  had  not  attempted  to  give  credit  to  everyone  to  whom  credit 
might  be  due.  A  discussion  of  this  paper  followed  which  will  be 
found  printed  with  the  paper. 

The  next  was  a  paper  **  Filtration  of  Water  for  Domestic  Uses,'- 
by  Joseph  B.  Eyderof  New  York  city,  followed  by  a  general  dis- 
cussion. 

Next  followed  a  paper  by  J.  K.  Wilkes  of  New  Rochelle,  N.  Y., 
.on  ** Sewage  Disposal  Works,  at  New  Rochelle,  N.  Y.'' 

Next  followed  a  paper  read  by  R.  A.  Cairns  of  Waterbury  **  Notes 
on  Heavy  Pipe  Laying. ' ' 

Next  followed  a  paper  by  D.  E.  Bradley  of  East  Berlin  **  Cast 
Iron  Piles  as  Supports  for  Heavy  Superstructures  in  Special  Cases." 

President  Augur  then  said,  I  hope  you  will  accord  to  Mr.  Smith 
the  same  cordial  support  you  have  given  to  me. 

Mr.  Smith. — I  thank  the  members  of  this  Association  for  the 
honor,  as  well  as  the  confidence  they  have  displayed  in  electing  me 
president  of  this  Association  for  the  coming  year.  With  the  cordial 
support  of  the  members  in  the  way  of  noting  interesting  engineer- 
ing features,  whether  coming  under  their  personal  supervision  as  en- 
gineers or  not,  I  am  sure  the  coming  meetings  will  be  made  inter- 
esting and  profitable. 

Mr.  Chandler  then  offered  the  following  resolution  : 

<*  Resolved,  That  the  Connecticnt  Civil  Engineers  and  Surveyors  Assooiation 
hereby  expresses  its  sincere  appreciation  of  the  faithful,  ardaons  and  snocess- 
ful  services  rendered  the  association  by  onr  president,  Edwin  P.  Augar,  for  so 
many  years,  and  onr  high  regard  for  him  as  a  member,  a  professional  brother 
and  a  friend." 

The  above  resolution  was  unanimously  passed. 

Upon  the  motion  of  Mr.  Bunce  the  thanks  of  the  Association  were 
extended  to  all  who  read  papers  at  this  meeting. 

Upon  motion  of  Mr.  Jarvis  the  thanks  of  the  Association  were 
extended  to  his  honor,  Mayor  Brainard,  for  courtesies  shown  in 
granting  the  use  of  the  hall. 

Upon  the  motion  of  Mr.  Cairns  the  thanks  of  the  Association  were 
extended  to  A.  K.  Wadsworth  for  his  faithful  and  able  services 
while  he  has  filled  the  office  of  secretary  and  treasurer. 

Upon  the  motion  of  Mr.  Bunce  it  was  voted  that  the  president  of 
the  Association  be  requested  to  nominate  members  of  the  special  com- 
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mittees  which  have  been  in  existence  for  the  past  five  years,  and 
notify  the  members  of  their  appointment. 

The  subject  of  a  place  to  hold  the  summer  meeting  was  then 
brought  up  and  it  was  voted  to  leave  the  matter  with  the  executive 
committee. 

The  regular  meeting  then  adjourned. 

EVENING  SESSION. 
The  evening  session  was  specially  arranged  for  the  exhibition  of 
stereopticon  views  with  brief  explanations  as  they  were  shown  upon 
the  canvas.     Several  of  the  members  contributed  to  this  entertain- 
ment. 

The  first  slides  were  contributed  by  Mr.  W.  H.  Richards  of  New 
London,  formerly  superintendent  and  engineer  of  the  New  London 
Water  Works.  In  the  absence  of  Mr.  Richards  they  were  shown 
by  Mr.  C.  E.  Chandler  of  Norwich.  These  slides  were  prepared 
from  photographs  of  the  automatic  engine  or  pumping  motor  and 
the  tower  and  tank  for  the  high  service  supply  of  a  limited  section 
of  the  city  of  New  London. 

Mr.  Chandler  next  exhibited  some  views  illustrating  the  reservoir 
and  water  works  of  the  city  of  Norwich. 

Mr.  R.  A.  Cairns,  city  engineer  of  Waterbury,  followed  Mr. 
Chandler,  and  exhibited  a  large  number  of  views  of  the  work  on 
the  large  masonry  dam,  and  36-inch  pipe  line  for  the  new  water  sup- 
ply of  that  city.  The  slides  were  made  from  photographs  taken 
while  the  work  was  in  different  stages  of  its  progress.  The  views 
and  explanation  of  the  same  were  very  interesting. 

Mr.  John  M.  McKenzie  followed  Mr.  Cairns  and  exhibited  some 
views  of  railroad  work,  camp  life  and  natural  scenery  in  the  moun- 
tain regions  of  the  far  west. 

The  engineers  of  the  Berlin  Iron  Bridge  Co.  also  had  a  number 
of  slides  which  were  prepared  and  exhibited  by  Mr.  John  Towne  of 
Springfield,  Mass.  These  slides  were  selected  to  show  a  number  of 
different  types  of  modern  bridge  construction.  One  or  more  views 
of  each  of  the  different  styles  of  bridges  were  shown,  among  them 
being  views  of  suspension,  Cantilever,  Pratt  truss.  Parabolic  truss 
and  Girder  bridges.  The  slides  were  also  selected  with  the  idea  of 
illustrating  both  railroad  and  highway  bridges. 

This  was  a  new  feature  in  our  meetings  and  the  plan  was  pro- 
nounced by  the  large  number  of  members  who  were  present  a  de- 
cided success. 
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REPORT  OF  COMMITTEE  ON  FIELD  WORK, 


The  following  question  has  been  submttted  to  the  committee  for 
consideration : 

In  the  transit  survey  of  a  figure  having  a  lai*ge  number  of  short 
sides,  what  method  of  proceedure  would  you  advise  T 

In  the  consideration  of  this  question  we  have  presumed,  that  the 
ordinary  facilities  for  reliable  work,  such  as  good  instruments,  good 
tapes  and  reliable  assistants,  were  used.  And  in  that  case  the  ideas 
of  the  individual  members  of  the  committee  all  seem  to  lead  to  the 
same  conclusions.  Care  should  be  taken  to  set  the  instrument  ex- 
actly over  the  intersection  of  the  lines  forming  the  angle  to  be 
measured.  The  shorter  the  lines  of  sight,  the  more  the  attention 
which  should  be  given  to  this  point.  Where  the  lines  are  very  short 
it  would  be  well  to  omit  the  use  of  rods  altogether  and  the  use  of 
plumb  lines  for  sighting  purposes  as  far  as  possible,  and  let  the 
sights  be  taken  upon  the  point  on  the  ground  where  the  lines  inter- 
sect. Always  where  possible  sight  the  entire  length  of  a  line  to 
measure  an  angle. 

These  are  a  few  general  rules  fitting  to  all  circumstances.  In 
practice,  cases  vary  so  materially  that  an  excellent  opportunity  is 
oflPered  for  the  exercise  of  judgment  and  experience.  Many  times 
the  figure  may  be  sub-divided  by  one  or  two  more  cross-lines,  so 
that  no  one  of  the  resulting  figures  would  have  more  than  a  few 
sides.  A  figure  having  a  great  many  sides,  as  50  or  60,  can  ordi- 
narily and  readily  be  so  sub-divided,  that  no  one  of  its  component 
figures,  shall  have  more  than  10  or  12  sides.  The  fewer  the  angles 
in  a  figure  the  less  is  the  probability  of  error  in  measuring  them. 
Frequently  it  will  be  of  advantage  to  produce  a  short  line. 

This  should  be  done,  while  the  angle  at  one  end  of  the  line  is  be- 
ing measured.  When  the  angle  at  the  other  end  is  measured,  take 
the  deflection  of  the  succeeding  line  in  the  figure,  from  the  line  as 
extended.  Instances  occur,  where  a  number  of  consecutive  lines 
deflect,  one  to  the  right,  another  to  the  left  and  so  on  and  all 
slightly.     In  such  an  event  one  straight  line  may  be  run  the  entire 
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length  of  the  several  su^h  short  lines  and  the  ends  of  the  short  lines 
located  by  right  angled  ofiEsets  from  the  main  line.  Prom  the  data 
so  obtained  the  courses  and  distances  of  the  short  lines  can  be  read- 
ily calculated.  Such  a  method  of  reducing  the  number  of  sides  in 
the  figure,  increases  the  probability  of  accurate  work. 

The  possibility  of  human  error  in  measuring  an  angle,  may  be  al- 
most entirely  removed  by  repeating  the  angle  a  sufficient  number  of 
times.  Let  the  vernier  be  set  at  zero  and  the  instrument  set  on  one 
line,  loosen  the  upper  plate  and  clamp  on  the  other  line.  Bead  the 
angle  and  we  may  for  convenience  call  this  a  single  angle.  Then 
unclamp  the  lower  plate  and  back  sight  on  the  first  line.  Then  un- 
clamp  the  upper  plate  and  foresight  on  the  second  line.  Read  this 
angle  which  we  may  call  the  double  angle. 

A  mistake  in  reading  angles  is  detected,  if  the  double  angle  is 
not  substantially  twice  the  single  angle.  The  sum  of  the  two  read- 
ings divided  by  three  will  give  the  correct  angle  within  the  limits  of 
ihe  instrument.  It  is  well  to  take  a  compass  bearing  on  every  line. 
As  many  times  an  error  escaping  other  precautions,  can  be  more 
readily  located  and  corrected  from  this  information.  Exercising  all 
the  precautions  mentioned,  the  angles  in  the  transit  survey  of  a 
figure  of  a  number  of  sides,  ought  to  close  with  an  error  of  not 
more  than  one  minute. 

Our  facilities  for  reasonably  accurate  work  in  measuring  angles, 
are  much  better  than  they  are  for  measuring  distances.  Exact 
measurements  of  distances  in  the  open  country  cannot  be  made  with 
tape  lines,  and  they  cannot  be  made  within  the  limit  of  cost,  which 
proprietors  are  willing  to  go  to  on  such  work. 

F.  W.  LaForue, 
Wm.  E.  Johnson, 
J.  T.  MgKnight. 
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NOTES  ON  HEAVY  PIPE  LAYING. 

BY  R.  A.  CAIRNS,  CITY  ENGINEER, 

WATEBBUBT,  OONN. 


In  the  laying  of  ten  miles  of  36-inch  pipe  during  the  past  year  I 
gained  some  experience  which  may  interest  the  Association.  I  shall 
refer  briefly  to  a  few  features  only. 

A  large  part  of  our  pipe  line  is  located  on  private  property,  chiefly 
wood  land  and  pasture.  Through  these  lands  we  obtained  a  right 
of  way  thirty  (30)  feet  wide.  The  width  proved  very  satisfactory 
where  the  cross  section  was  level  or  nearly  so  and  the  cuts  or  fills 
moderate.  But  with  steep  side  slopes,  or  with  heavy  cuts  or  high 
embankments,  we  found  30  feet  rather  narrow.  Although  we  got 
along  without  serious  trouble  I  would  recommend  a  greater  width 
of  right  of  way  in  a  rough  country,  say  50  feet.  Much  of  this  same 
portion  of  our  line  was  entirely  inaccessible  to  teams,  sometimes  for 
half  a  mile  in  the  stretch.  On  one  long  pipe  line  recently  com- 
pleted through  similar  territory,  the  contractors  were  paid  for  grading 
a  14-foot  road  parallel  to  the  pipe  line  and  on  the  upper  side  of  it. 
From  this  road  all  operations  were  conducted.  Of  course  this  road 
was  quite  expensive  to  build,  being  paid  for  per  cubic  yard  of  ma- 
terial handled.  To  avoid  this  expense  I  excavated  my  ditches  in 
such  places  wide  enough  to  allow  room  for  a  narrow  gauge  track  in 
the  bottom.  Pipe  was  then  brought  in  on  cars  from  one  end  and 
the  track  taken  up  as  the  pipe  laying  progressed.  These  trenches 
were  refilled  partly  with  material  thrown  out,  but  chiefly  with  ma- 
terial drawn  down  from  the  bank  on  the  up  hill  side.  After  the  pipe 
was  covered  to  the  standard  depth  we  had  a  good  road,  wide  enough 
for  one  team  to  pass  through,  so  that  for  purposes  of  maintenance 
we  are  as  well  off  as  we  would  be  with  the  special  roadway  and  es- 
caped its  cost. 

Our  contract  prices  were  all  in  items,  per  cubic  yard  for  earth 
and  road  excavation,  per  ton  for  pipe  hauling,  per  foot  for  pipe  lay- 
ing, etc.  This  form  adds  largely  to  the  cost  of  engineering,  but  it 
places  the  risk  as  to  material  encountered  on  the  employer  instead 
of  on  the  contractor,  and  enables  the  latter  to  figure  closely.  It  re- 
sults too,  in  the  employer  only  paying  for  work  actually  done,  and 
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admits  of  certain  changes  in  the  plans  without  vitiating  the  contract 
and  subjecting  the  employer  to  claims  for  extra  compensation  by  rea- 
son of  such  changes.  As  the  work  progresses  it  is  sometimes  found 
advisable  to  make  changes  in  lines  and  grades,  and  a  contract  by 
items  seems  fairly  to  admit  of  these  changes,  without  hardship  to 
the  contractor.  Of  course  if  one  could  make  borings  and  sink  test 
pits  he  could  determine  the  lines  and  grades  absolutely.  But  in  my 
experience  employers  do  not  care  to  spend  much  money  in  this  way. 
Our  pipe  was  cast  partly  by  the  Warren  Foundry  and  Machine 
Company  of  Phillipsburg,  New  Jersey,  and  partly  by  the  Chatta- 
nooga Foundry  and  Pipe  Works  of  Chattanooga,  Tennessee.  It  was 
all  subjected  to  rigid  inspection  at  the  foundries,  the  contract  for 
such  inspection  being  let  to  the  American  Engineering  and  Inspec- 
tion Association  of  Albany,  New  York. 

The  pipe  was  delivered  to  the  contractors  on  cars  at  different 
points  convenient  to  the  work.  An  interesting  point  in  connection 
with  the  hauling  and  distributing  of  this  large  pipe  was  the  much 
greater  ease  and  economy  in  the  use  of  sleds  than  in  the  use  of 
wagons.  In  winter  the  sleds  run  easily,  you  can  reach  many  places 
which  would  be  inaccessible  to  wagons,  they  are  less  easily  over- 
turned, and  no  extra  help  is  needed  in  unloading  them.  When 
wagons  were  used  bolsters  were  placed  on  the  axles  and  the  pipe 
rode  so  high  that  in  unloading  it  would  roll  off  over  the  wheels. 
This  worked  well,  though  it  makes  the  wagon  top  heavy.  The  pipe 
was  rolled  off  sideways  on  skids,  and  its  descent  controlled  by  a 
rope  passed  around  it  and  snubbed  around  the  wheel,  reach,  or 
other  convenient  support. 

One  of  the  first  points  to  claim  my  attention  when  laying  out  the 
line  was  the  matter  of  special  curve  castings  for  use  in  making 
changes  in  direction.  Our  line  traverses  one  of  the  roughest  parts 
of  Connecticut,  and  in  order  to  secure  satisfactory  grades  it  was 
necessary  to  follow  the  contour  of  the  ground  to  a  considerable  ex-' 
tent.  Consequently  we  had  a  great  number  of  horizontal  angles  be- 
tween courses,  angles  ranging  all  the  way  up  to  67°,  30'.  In 
many  cases  it  has  been  the  practice  to  lay  straight  between  points 
of  intersection  and  make  the  angle  all  in  one  casting.  By  using 
curves  made  of  straight  pipe  the  cost  of  these  specials  is  avoided, 
and  at  the  same  time  the  line  is  materially  shortened  and  reduced  in 
cost.    Then  the  question  comes  up,  **  What  degree  of  curvature  is 
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admissible  in  pipe  of  a  given  diameter,  using  twelve  foot  lengths  of 
straight  pipe?''  After  considerable  study,  making  calculations  and 
large  scale  drawings,  I  settled  on  a  15  degree  curve  as  a  suitable 
maximum.  On  this  degree  curve  the  joints  are  open  on  the  convex 
side  about  IJ  inches.  Our  standard  bell  has  a  depth  of  ^ 
inches.  In  these  joints  we  used  less  yarn  than  usual  so  as  to  secure 
the  contract  depth  of  lead,  2^  inches.  In  two  cases  I  laid  36- 
inch  pipe  on  a  17  degree  curve,  and  secured  good  results.  But  as 
a  good  rule  to  follow,  I  should  advise  15  degrees  as  the  maximum 
curvature  for  36-inch  pipe. 


CuBYES  Made  With  Stbaioht  Pipe. 

By  laying  pipe  in  this  way  instead  of  with  all  straight  lines  and 
•special  curve  castings,  I  reduced  the  number  of  specials  for  hori- 
zontal angles  to  20,  notwithstanding  the  very  great  irregularity  of 
our  line.  About  200  would  have  been  needed,  if  we  had  not  used 
curves  made  with  straight  pipe. 

These  special  castings  are  of  two  kinds,  one  10  degrees  and  the 
other  15  degrees.  For  each  the  radius  of  curvature  is  24  feet. 
Under  10  degrees  we  were  able  in  all  cases  to  make  our  deflections 
with  straight  pipe,  usually  with  a  very  flat  curve.     Between  10  de- 
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grees  and  15  degrees  we  used  a  10  degree  curve  and  secured  the 
pest  by  curvature  in  the  line.  Between  15  degrees  and  20  degrees 
we  used  the  15  degree  and  made  up  the  rest  in  the  joints.  In  some 
cases  we  used  two  10  degree  or  two  15  degree  curves.  The  exact 
treatment  of  any  case  depended  on  the  local  conditions.  No  spec- 
ials were  used  except  in  cases  where  using  long  curves  would  occa- 
sion excessive  cuts  or  fills,  or  interfere  with  a  water  course.  In 
Newell's  Gorge,  for  instance,  with  a  ledge  30  feet  high  on  one  side 
and  the  narrow  channel  of  the  branch  on  the  other,  sharp  turns  in 
the  Gorge  necessitated  very  quick  turns  in  the  pipe  line.  But  I 
found  some  solution  with  regular  curves  possible  in  almost  every 
case.  It  should  be  noted  that  the  use  of  regular  curves  means  care- 
ful surveying,  and  this  leads  me  to  describe  the  method  adopted  for 
guiding  the  line  and  grade  of  the  conduit.  In  the  first  place  line 
and  grade  stakes  were  set  for  excavation  or  embankment,  and  on  a 
large  part  of  the  line  slope  stakes  were  set  as  for  railroad  work. 
After  the  grading  was  done  ready  for  pipe  laying  line  stakes  were 
set  in  the  bottom  of  the  trench  and  their  tops  driven  to  grade.  After 
they  were  right  for  grade  a  nail  was  placed  in  them  which  marked 
the  Kne  exactly.  These  stakes  were  set  twenty-five  feet  apart  on 
tangents  On  curves  intermediate  stakes  were  set  every  12J  feet, 
sometimes  by  the  surveying  party,  sometimes  by  the  inspector.  In 
the  latter  case  the  assistant  engineer  furnished  the  inspector  with 
the  middle  ordinate  for  a  25  foot  chord,  and  he  placed  the  interme- 
diate stake  by  stretching  a  string  between  the  surveyors  stakes  and 
setting  oflf  the  middle  ordinate  with  a  rule,  grading  the  stake  from 
the  string. 

Every  pipe  and  special  was  carefully  set  to  line  and  grade,  an  in- 
spector being  always  present. 

It  would  in  my  opinion  be  impossible  to  lay  36-inch  pipe  at  all 
satisfactorily  on  curves  over  5  degrees,  unless  line  stakes  were  set 
frequently  and  accurately.  Even  with  an  accurately  placed  stake 
every  25  feet  I  found  that  the  pipe  layers  could  not  keep  the  curve, 
but  would  favor  one  joint  to  the  great  aggravation  of  the  next.  By 
setting  each  pipe  exactly  the  joints  are  averaged  and  the  best  pos- 
sible result  is  obtained. 

On  curves  under  5  degrees  and  on  tangents  stakes  25  feet  apart 
answer  very  well. 

In  setting  pipe  we,  for  the  most  part,  proceeded  as  follows :     The 
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line  and  grade-stakes  having  been  set,  two  men  went  ahead  and  set 
the  bed-blocks.  These  were  spruce  blocks,  4"  thick,  10"  wide  and 
3'  long.  The  men  stretched  a  string  over  the  grade-stakes  and  bed- 
ded the  blocks  solidly  at  proper  intervals,  square  across  the  trench, 
and  so  that  their  upper  surfaces  were  about  2^"  below  grade.  This 
allowed  IJ"  for  the  thickness  of  the  pipe  and  IJ"  for  the  adjusting 
wedges.  Following  these  bed-block  men  came  two  or  three  men, 
sometimes  more,  according  to  circumstances,  digging  out  the  bell- 
holes.  In  order  to  encourage  the  contractor  to  give  his  caulkers 
ample  room,  our  contract  allowed  1^  cubic  yards  extra  excavation 
for  each  bell-hole,  provided  the  excavation  was  actualy  made. 


Latino  36-Inch  Pipb.  * 

The  pipe  was  then  rolled  up  on  skids  over  the  trench  and  lowered 
until  the  spigot  end  entered  the  bell.  Through  this  pipe,  hanging 
approximately  in  position,  a  string  was  drawn  tight  from  a  center- 
mark  on  the  bottom  of  the  last  pipe  set  to  the  top  of  the  next 
stake.  The  pipe  was  then  adjusted  to  grade  by  raising  or  lowering, 
and  to  line  by  the  use  of  bars  against  the  sides,  until  the  string 
just  cleared  the  bottom  and  stood  over  the  center-mark  of  the  pipe 
being  set.     Thereupon  four  wedges  were  driven  under  the  pipe,  a 
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pair  at  each  end.  Each  wedge  was  5''  wide,  and  the  pair  entered 
under  the  pipe  from  opposite  sides  and  their  points  passing  each 
other,  just  covered  in  width  the  top  of  the  bed-block.  As  soon  as 
the  wedges  were  driven  home  the  derrick  was  slackened  and  the 
sling  taken  off  the  pipe.  With  a  bed-block  and  pair  of  wedges 
under  each  end  of  the  pipe  it  was  held  exactly  in  position.  Numer- 
ous observations  showed  that  the  pipe  could  be  lined  and  graded  in 
this  manner  in  less  than  one  minute.  That  is  to  say,  the  delay 
caused  by  using  the  string  was  not  a  minute.  Taking  into  account 
the  fact  that  every  pipe  went  exactly  to  place  and  never  needed  the 
slightest  change  in  position  afterwards,  I  feel  certain  that  the  accu- 
rate setting  of  pipe  results  in  a  saving  of  time,  and  therefore  is  as 
advisable  on  straight  work  as  it  is  indispensable  on  curves. 

On  vertical  angles  we  followed  the  same  rule,  forming  vertical 
curves  wherever  there  was  a  change  of  grade  exceeding  3  per  cent. 


Pipe  Line  Bbidge  No.  4. 


Testi  no. 
According  to  our  specifications,  a  severe  test  was  required  every 
2,000  feet.      Local  considerations  varied  this  rule  a  good  deal,  the 
lengths  tested  being  as  much  as  a  mile  in  some  instances.     This 


30  CONNECTICUT  CIVIL   ENGINEERS 

method  of  testing  is  rather  unusual  and  is  not  without  its  difficult- 
ies. The  usual  way  is  to  complete  the  pipe-line,  cover  it  all  up  and 
wait  for  the  regular  service  to  develop  defects.  In  light  sandy  or 
gravelly  soils  only  leaks  of  considerable  magnitude  will  be  likely 
to  show  on  the  surface,  and  there  is  a  possibility  of  many  small 
leaks  remaining  for  years  undiscovered. 

The  method  followed  on  our  work  was  to  lay  2,000  feet  or  more 
of  pipe,  the  exact  length  being  determined  by  such  considerations 
as  location  of  blow-offs,  proximity  of  a  water  supply,  convenience 
of  public  travel,  opportimity  to  secure  a  solid  bulkhead,  etc.,  the 
whole  length  being  left  uncovered.  A  stopper  was  then  fixed  in 
the  end  of  the  last  pipe,  the  line  pumped  full  of  water  by  means  of 
a  portable  boiler  and  pump,  and  the  pressure  raised  to  150  pounds 
per  square  inch,  or  an  amount  at  least  50  per  cent,  greater  than  the 
greatest  static  head  from  the  Reservoir  on  that  section.  An  inspec- 
tor then  traversed  the  section  under  test  and  marked  all  leaks,  an- 
other man  meanwhile  watching  the  gauge  and  seeing  that  the  pres- 
sure was  kept  up  to  the  maximum.  The  pressure  was  then  removed 
and  the  leaks  remedied.  Pressure  was  then  put  on  again  and  an- 
other inspection  made.  As  soon  as  the  line  was  made  tight  a  large 
force  of  men  set  to  work  covering  it  in,  the  water  generally  being 
kept  in  the  pipe  until  the  covering  was  completed. 

No  other  method  for  securing  a  perfect  line  can  be  quite  so  satis- 
factory as  this,  since  nothing  is  left  to  chance,  and  repairs  are  made 
without  any  expense  for  digging.  We  know  absolutely  that  our  con- 
duit is  tight,  from  one  end  to  the  other.  Nothing  can  now  impair 
its  condition  except  settling,  and  we  have  been  extremely  careful 
about  the  backfilling  under  the  pipe,  an  inspector  watching  all  back- 
filling; seeing  good  material  used  and  rammed  solidly  under  the 
pipe  and  half  way  up  the  sides. 

The  greatest  difficulty  in  this  method  of  testing  is  closing  the 
open  ends  of  the  line.  With  smaller  size  pipe  this  difficulty  would 
be  much  less,  but  in  testing  36"  pipe  to  150  pounds  per  square  inch 
an  end-thrust  of  about  80  net  tons  has  to  be  taken  up.  On 
the  36"  circle  it  would  amount  to  over  75  net  tons,  and  as  the 
stopper  is  put  into  the  bell,  and  does  not  fit  perfectly  water-tight 
against  the  bottom  of  the  bell,  the  water  pressure  is  exerted  over 
an  area  greater  than  the  36"  circle.  To  support  this  tremendous 
pressure  and  prevent  appreciable  leakage  is  a,  very  difficult  matter, 
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and  the  history  of  our  eflforts  in  this  direction  would  make  a  paper 
of  itself.  It  is  possible,  however,  to  do  it,  and  to  be  successful 
the  first  time,  if  it  is  gone  about  in  the  right  way.  One  most  de 
sirable  thing  is  to  secure  a  rock  cut  in  which  to  locate  the  bulkhead. 
In  earth  a  special  and  carefully  designed  bulkhead  is  required  to 
support  the  pressure.  In  one  test,  in  a  trench  about  six  feet  deep, 
in  earth  and  gravel,  in  the  middle  of  a  highway,  the  road  was 
thrown  up  into  ridges  several  inches  high,  for  a  distance  of  ten  feet 
or  more  back  of  the  bulkhead,  showing  that  that  firm  ground  was 
being  forced  bodily  backward  by  the  pressure,  although  it  was  very 
firm  material  and  the  pressure  was  distributed  over  64  square  feet 
of  surface. 

In  making  such  a  test  too  much  care  cannot  be  used  to  get  all  the 
air  out  of  the  pipe  before  raising  the  pressure.  I  have  two  very 
good  pictures  of  a  36"  pipe,  one  taken  before  and  the  other  after  it 
was  tested.  While  the  pressure  was  about  150  pounds  this  pipe 
burst  with  a  tremendous  noise  and  a  piece  weighing  1,500 
pounds  was  torn  out  of  the  side  and  thrown  high  up  in  the  air, 
faUing  again  beside  the  pipe.  A  dozen  men  were  standing  close  by. 
They  were  covered  with  mud  and  water,  but  happily  no  one  was 
hurt.  The  report  was  heard  two  miles  down  the  line.  I  made  an 
investigation  and  found  that  the  pipe  was  a  perfectly  sound  casting, 
the  metal  showing  a  splendid  fracture.  The  cause  of  the  explosion 
appeared  to  be  that  the  pipe  had  been  cracked  a  little  at  the  small 
end  before  this  final  test.  The  pressure  caused  the  cra(?k  to  extend 
along  the  side  of  the  pipe  and  then  burst  it  out  like  the  opening  of 
a  door.  This  is  apparent  from  the  photograph.  I  have  reason  to 
think  that  there  was  considerable  air  in  the  upper  end  of  the  sec- 
tion at  that  time.  Up  to  that  time  I  had  trouble  in  convincing  the 
men  of  the  importance  of  care  in  getting  out  all  the  air.  After 
this  event  they  needed  no  more  cautioning. 

Perhaps  the  greatest  value  of  the  test  lies  in  its  moral  effect  upon 
the  workmen,  yamers  and  caulkers.  In  oui'  practice  each  caulker  set 
his  private  mark  on  each  joint  or  half -joint  caulked  by  him.  Each 
leaking  jwnt  then  went  straight  home  to  the  man  who  caulked  it. 
Hence  each  man's  interest  lay  in  keeping  his  work  up  to  the  stand- 
ard, and  as  a  matter  of  fact  we  found  very  few  joints  defective  on 
account  of  careless  workmanship. 
In  locating  a  large  pipe  line  it  is  desirable  to  give  careful  atten- 
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tion  to  the  grades.  One  cannot  follow  the  surface  of  the  ground, 
as  readily  as  with  small  pipe,  however  much  it  would  suit  his  conve- 
nience. In  a  large  pipe  each  summit  must  have  its  air- valve,  and 
every  depression  its  good-sized  blow-off.  The  latter  valve  requires 
a  channel  of  some  kind  to  carry  away  a  large  volume  of  water,  and 
in  many  cases  it  is  hard  to  dispose  of  this  large  stream  without  con- 
siderable expense.  The  quantity  of  water  in  a  30"  or  36"  pipe  is  so 
great  that  in  case  of  repairs  it  would  be  a  formidable  task  to  dispose 
of  it  without  a  blow-off  valve  and  waste- way.  The  fewer  summits 
on  the  line,  too,  of  course  the  better  for  the  operation  of  the  con- 
duit. By  keeping  the  pipe  on  a  continuous  down-grade  all  these 
matters  are  greatly  simplified.  I  was  able,  after  much  study  of  the 
ground,  to  get  a  location  such  that  the  first  four  and  one-half  miles 
from  the  dam  have  a  continuous  down-grade.  No  air- valves  or 
blow-offs  would  be  needed  for  this  distance,  except  for  convenience 
in  shutting  off  in  case  of  trouble  with  the  line.  For  this  purpose 
I  inserted  gate  houses  each  two  miles,  containing  36"  gate,  a  12' 
blow-off  above  and  a  four-inch  air- valve  below  the  big  gate.  Each 
side  of  the  36"  gate,  too,  is  a  manhole-plate,  10"xl8";  through 
which  access  may  be  had  to  either  section.  These  gates  and  spe- 
cials are  enclosed  in  a  brick  gate  house,  inside  measurements  10x12 
feet,  walls  12  inches  thick,  tin  roof,  door  and  window  of  wood,  out- 
side door  and  shutters  of  iron.  These  houses  are  used  everywhere 
except  in  the  highway.  There  the  36"  gates  have  bevel  gear  and 
are  laid  on  their  sides.    • 

Our  standard  depth  of  covering  varies  from  anything  I  have  seen 
as  far  north  as  this.  It  is  only  2.2  feet,  the  2-lOths  being  allowed  for 
settlement.     The  pipes  on  the  four  bridges  are  not  covered  at  all. 

Our  contract  required  that  the  pipe-laying  should  not  be  paid  for 
until  after  an  agent  of  the  contractor  had  made  a  thorough  inspec- 
tion of  the  interior  of  the  whole  section  and  filed  a  certificate  with 
the  engineer  that  it  was  in  perfect  order.  No  inspection  was  made 
until  the  pipe-laying  was  entirely  completed.  In  the  meantime  the 
report  got  around  the  country  that  we  tad  offered  a  reward  of  $500 
to  anyone  who  would  risk  his  life  in  this  hazardous  enterprise,  and 
I  received  a  number  of  letters  from  men  who  were  willing  to  earn 
a  reputation  for  bravery  and  five  hundred  dollars  simultaneously. 

The  inspection  was  made  by  the  contractors'  agents,  and  subse- 
quently by  two  of  my  inspectors,  and  the  results  showed  that  it  was 
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needed.     One  trip  bronght  out  a  large  stick,  a  full  set  of  caulker's 
tools,  stones  and  other  small  articles  of  little  use  in  a  pipe  line. 

The  cost  of  laying  36-inch  cast  iron  pipe  is  something  that  I  will 
probably  be  expected  to  touch  upon.  So  much  of  our  line  was  of 
exceptional  character,  and  the  cost  was  so  much  increased  by  heavy 
rock  cuts,  high  embankments,  bridges,  etc.,  that  figures  on  the 
average  cost  of  the  entire  line  are  of  no  general  value.  But  I  can 
give  most  interesting  and  valuable  figures  in  regard  to  the  cost  of 
certain  parts  of  the  work. 

Section  three  has  a  length  of  19,614  lineal  feet  and  occupies  the 
highway  throughout  its  entire  extent,  with  the  exception  of  a  couple 
of  hundred  feet.  There  are  three  (3)  36-inch  gates  in  the  line. 
Short  branch  lines  were  put  in,  costing  perhaps  $500.  Outside  of 
this  the  section  estimate  amounted  to  $33,560.  This  covers  every 
expense  except  engineering  and  inspection,  the  contractor  taking 
the  pipe  and  specials  from  the  cars.  The  average  cost  per  foot  was 
$1.71.  The  average  cut  was  about  six  feet,  about  $1000  was  paid 
for  various  kinds  of  masonry  and  $3,300  for  rock  excavation.  Pipe 
was  hauled  and  distributed  for  70c.  per  net  ton,  average  haul  about 
a  mile  and  a  half.  Earth  excavation  from  trenches,  including  re- 
filling, cost  40c.  per  cubic  yard.     Pipe  laying  55c.  per  lineal  foot. 

Cast  iron  pipe  for  this  section,  delivered  on  the  cars  at  diflferent 
points,  cost  the  city  $25.50  per  gross  ton.  Specials  cost  2  4- 10c.  On 
this  section  there  were  a  few  extra  expenses,  like  $2,000  for  embank- 
ment, where  we  had  to  raise  a  highway  about  three  feet  in  order  to 
cover  the  pipe  at  a  grade  above  the  neighboring  canal,  but  $1.71  per 
lineal  foot  may  probably  be  taken  as  a  close  price  for  laying  36-inch 
cast-iron  pipe  in  Connecticut,  under  favorable  conditions,  as  our 
difficulties  on  that  section  were  probably  not  greater  than  would  be 
met  with  almost  anywhere.  For  estimates  it  would  be  well  to  use 
$1.75  per  lineal  foot,  and  add  for  any  unusual  source  of  expense. 

Section  two  was  a  very  rough  piece  of  country,  the  line  following 
along  a  rocky  side  hill  for  some  2 J  miles.  The  section  was  17,025 
feet  long.  The  rock  cutting  on  this  section  cost  about  $9,500,  retain- 
ing walls  about  $1,500,  stone  culverts  about  $1,000,  embankments 
about  $6000,  extra  work  at  crossing  of  the  Naugatuck  River  about 
$1,200. 

Including  all  of  the  above,  and  all  expenses,  except  engineering 
and  inspection,  this  section  will  cost  the  city,  completed,  probably 
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about  $46,000,  an  average  of  $2.70  per  lineal  foot.  Pipe  laying 
here  cost  70c.  per  lineal  foot,  hauling  and  distributing  90c.  per  net 
ton,  rock  excavation  $2.00,  earth  excavation  25c.  and  embankment, 
including  extra  material  where  needed  for  covering  40c.  Testing 
on  this  section  cost  $500. 

Section  one  was,  as  gentlemen  of  the  Association  saw  last  sum- 
mer, an  extremely  expensive  piece  of  work.  This  section  cost  the 
city  for  its  16,000  feet  of  lengtbr  about  $62,000,  including  every- 
thing except  engineering  and  inspection,  or  about  $3.90  per  lineal 
foot.  Bock  excavation  alone  cost  $14,750,  four  bridges  with  their 
abutments  cost  $6,350,  retaining  walls  cost  $7,025,  material  borrowed 
for  embankments  cost  $5,000.  Hauling  and  distributing  pipe,  aver- 
age haul  two  miles,  up  hill,  cost  $1.50  per  net  ton,  pipe  laying  cost 
70c.  per  lineal  foot,  rock  excavation,  part  $2.50,  another  contract 
$1.85,  another  83c.  and  a  fourth  $1.27.  The  average  cost  for  rock 
excavation  was  $1.40  per  cubic  yard,  earth  excavation  cost  40c.  on 
the  main  contract,  material  for  embankment  24c.  Testing  on  sec- 
tion one  cost  $500.  Section  3A  consisted  of  1780  feet  of  30-inch 
pipe,  laid  in  city  streets,  average  cut  about  7  feet,  average  cost 
about  $2.10  per  lineal  fool.  The  price  for  laying  30-inch  pipe  was 
75c.,  earth  excavation  50c.,  rock  excavation  $2.50,  testing  $200. 

The  entire  line  of  36 -inch  pipe,  in  length  about  52,640  lineal  feet, 
or  a  little  less  than  10  miles,  cost  for  grading,  laying  and  covering, 
with  all  the  works  necessary  for  its  support,  protection  and  operation, 
about  $142,000,  or  an  average  of  $2.70  per  lineal  foot. 

DISCUSSION. 

Mr.  Chandler. — I  would  like  to  ask  Mr.  Cairns  if  any  of  his 
pipe  was  laid  on  embankments  of  much  depth. 

Mr.  Cairns. — We  have  several  such  places  over  13  feet  deep. 

Mr.  McKenzie. — Has  there  been  any  settlement? 

Mr.  Cairns. — I  have  not  seen  any  indication  of  settlement,  nor 
do  I  anticipate  any.  These  embankments  were  formed  about  a  year 
before  the  pipe  was  laid  on  them. 
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NOTES    ON    IRON    PILING. 

BY  D.  E.  BRADLEY,  BERLIN,  CONN. 


The  problem  of  carrying  a  railroad  or  a  public  highway  across 
streams  of  greater  or  less  magnitude  is  one  which  frequently  con- 
fronts the  engineer,  and  its  successful  solution  can  be  accomplished 
only  by  a  careful  study  of  all  the  conditions  under  which  the  work 
in  hand  is  to  be  constructed. 

It  rarely  occurs  that  a  structure  designed  for  one  place  will  ever 
fully  answer  the  requirements  of  another  location,  and  hence  from 
time  to  time  new  ideas  are  evolved  for  meeting  conditions  in  the 
problem,  either  with  a  view  to  more  economy  in  the  cost  of  the 
structure,  to  the  increase  of  its  stability,  or  more  frequently  with 
both  ends  in  view. 

It  is  not  within  the  scope  of  this  paper  to  discuss  the  varying  rela- 
tions of  the  substructure  to  the  superstructure  of  bridges  in  gen- 
eral, nor,  to  attempt  a  formula  which  may  answer  once  for  all  the 
ever  recurring  question  as  to  what  arrangement  of  spans  will  give 
the  most  economical  substructure  for  the  least  costly  superstructure 
of  fixed  capacity,  but  to  briefly  call  the  attention  of  this  Associa- 
tion to  some  recent  constructions,  in  which  the  use  of  iron  in  place 
of  wood  for  piling,  forms  an  important  part. 

The  life  of  wooden  piling  is  not  a  long  one,  when  subjected,  as  is 
usually  the  case,  to  alternate  immersion  in  water  and  exposure  to 
the  atmosphere,  and  more  especially  when  placed  in  salt  water  and 
called  upon  to  withstand  the  attacks  of  the  **  teredo:"  There  are 
many  locations  in  which  a  pile  bridge  is  the  only  practicable  form 
of  construction  which  can  be  used  with  any  regard  to  economy,  and 
until  recently  the  wooden  pile  was  employed  in  every  instance  for 
the  simple  reason  that  no  efficient  substitute  for  it  had  appeared. 

Many  diflferent  devices  have  been  employed  to  render  possible  the 
use  of  iron  in  pile  constructions  and  among  the  most  notable  of 
these  may  be  noticed  the  hydraulic  or  disc  pile  usually  consisting  of 
a  hollow  cast-iron  pile  of  circular  cross-section  with  a  broad  disc  at- 
tached to  the  foot. 
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This  disc  is  provided  with  an  opening  in  its  center,  through  which 
a  jet  of  water  is  forced  at  a  high  pressure,  thus  dislodging  the  sand 
around  the  base  and  permitting  the  pile  which  has  previously  been 
set  plumb  and  weighted,  to  sink  into  the  excavation  thus  made  ;  the 
loose  sand  almost  immediately  filling  the  space  above  the  disc  and 
holding  the  pile  firmly  in  position. 

The  screw  pile  is  another  device  the  essential  part  of  which  is  the 
screw  blade  which  forms  the  foot  of  the  pile ;  this  is  usually  of  cast- 
iron  and  seldom  made  with  more  than  one  turn.  The  pile  itself  is 
either  solid  and  made  of  wrought-iron  or  of  iron  cast  as  a  hollow 
cylinder.  Screw  piling  are  forced  into  the  ground  by  means  of  a 
capstan  head  to  which  is  applied  the  power  of  either  men  or  ani- 
mals. 

While  both  of  these  devices  have  their  use  in  special  cases,  tiieir 
employment  in  every  day  practice  is  extremely  limited  both  owing 
to  the  cost  of  the  construction  and  to  the  special  plant  required  to 
sink  the  piles. 

A  number  of  years  since  a  patent  was  issued  for  a  cast-iron  pile 
designed  to  be  driven  in  the  same  manner  and  by  the  same  means  as 
a  wooden  pile. 

This  pile  is  of  cruciform  section  throughout  the  body,  tapering  to 
a  point  at  one  end  and  having  a  hollow  cylindrical  head  of  chilled 
iron  at  the  other.  As  it  is  impossible  to  drive  a  pile  to  the  exact 
grade  required,  a  cap  was  devised  fitting  closely  the  head  of  the  pile 
and  adjustable  both  in  vertical  and  horizontal  plane. 

This  cap  serves  both  for  the  attachment  of  the  beams  capping  a 
bent  of  piles  and  for  levelling  the  beam  to  the  required  grade.  This 
latter  operation  is  effected  by  filling  the  hollow  head  of  the  pile  with 
sand  or  cement,  until  the  requisite  height  is  obtained,  when  lead  or 
brimstone  is  run  around  the  head  of  the  pile  through  four  or  five 
holes  provided  in  the  cap  for  that  purpose,  thus  securing  the  cap 
firmly  in  position  In  extremely  soft  ground,  where  excessive  length 
of  piling  would  be  required,  it  has  been  found  desirable  to  secure 
the  requisite  sustaining  power  by  the  use  of  **  ground  plates.*' 

These  consist  of  heavy  ribbed  cast  plates  which  are  fastened  to 
the  pile  at  the  desired  height  by  means  of  wedge-shaped  iron  keys 
driven  between  the  plate  and  pile.  In  heavy  railroad  work,  where 
accurate  soundings  have  been  made,  it  has  been  customary  to  cast 
lugs  on  the  piles  at  the  proper  points  and  to  adjust  the  "  ground 
plates  *'  by  means  of  a  concrete  base.  ' 
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The  piles  are  cast  in  single  lengths  up  to  30  feet,  and  with  diam- 
eters varying  from  8  to  12  inches.  Cast-iron  being  especially 
adapted  to  withstand  compressive  strains,  as  might  be  supposed  the 
different  sections  exhibit  a  high  ultimate  strength  when  subjected  to 
a  crushing  strain.  Tests  upon  a  section  12  feet  in  length  show  that 
the  compressive  strength  ranges  from  80  tons  for  an  8-inch  to  500 
tons  for  a  12-inch  pile.  In  casting,  steel  flasks  are  used  in  prefer- 
ence to  those  of  wood,  and  a  straight  pile  is  thus  produced.  The  iron 
employed  is  a  fine  grey  pig  with  a  very  small  proportion  of  cast 
scrap.  A  good  quality  of  sand  for  the  moulds  is  another  requisite, 
as  the  combination  of  the  sand  with  the  molten  metal  forms  a  hard 
layer  of  silicate  of  iron  upon  the  surface  of  each  pile,  thus  afford- 
ing absolute  protection,  whether  the  pile  is  to  be  exposed  to  the  ac- 
tion of  salt  water  or  to  be  placed  in  moist  earth. 

In  case  a  length  of  pile  is  required  greater  than  that  obtained  by 
a  single  casting,  it  is  practicable  to  splice  the  pile  without  detract- 
ing from  its  strength,  so  as  to  drive  to  a  greater  depth  than  30  feet, 
or  to  gain  additional  length  of  piling  above  ground.  In  the  former 
.  case  the  cylindrical  head  of  the  first  pile  is  cut  off  and  the  second 
pile  is  clamped  on  by  means  of  an  angle -shaped  casting,  secured  by 
bolts  just  outside  the  flanges  of  the  pile,  thus  leaving  it  of  original 
section  and  unimpaired  strength.  To  prevent  th©  splice  crawling 
up  under  the  blows  of  the  hammer,  a  piece  of  lead  is  inserted  be- 
tween the  splice  and  pile  at  each  bolt  and  the  bolts  tightened  every 
two  or  three  blows  of  the  hammer  until  the  friction  becomes  so 
great  that  the  splice  will  scarcely  move  under  shocks  that  would 
shear  off  the  splice  bolts. 

In  lengthening  a  pile  already  driven  to  the  requisite  depth,  it  is 
first  capped  with  a  socket  similar  to  a  double  cap,  and  after  this  has 
been  leaded  to  the  lower  pile  the  upper  pile  is  placed  in  position  and 
leaded.  It  has  been  found  that  when  a  socket  is  once  set  with  lead 
that  it  is  nearly  or  quite  impossible  to  remove  it  without  breaking. 

To  drive  these  piles  no  appliances  are  needful  other  than  those  re- 
quired to  drive  wooden  piles  and  no  particular  weight  of  hammer  is 
necessary,  although  it  has  been  found  that  a  hammer  weighing  from 
1,200  to  1,500  pounds  will  give  as  good  results  as  any,  but  in  any 
case  the  fall  of  hammer  must  be  regulated  to  suit  the  kind  of  soil 
in  which  the  driving  is  to  be  done.  In  driving  a  cast-iron  pile  it  is 
subjected  to  a  much  greater  strain  than  it  will  ever  afterwards  be 
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called  upon  to  bear,  and  during  the  process  of  driving  any  flaws  or 
defects  liable  to  impair  its  efficiency  are  almost  certain  to  be  made 
apparent. 

The  sustaining  power  of  piles  in  varying  soils  is  still  a  matter  of 
more  or  less  uncertainty,  but  practice  would  seem  to  show  that  we 
err  upon  the  side  of  safety,  and  that  most  engineers  do  not  consider 
the  sustaining  power  so  much  as  it  actually  is. 

The  cruciform  section  pile  appears  to  create  more  friction  than 
a  round  wooden  pile,  and  has  in  consequence  greater  sustaining 
power. 

It  almost  invariably  occurs  on  pulling  an  iron  pile  that  it  breaks 
the  ground  across  each  flange  and  leaves  a'  square  hole,  and  it  is 
found  that  the  soil  is  packed  so  tightly  between  the  flanges  as  to.be 
very  difficult  of  removal. 

To  the  writer ^s  knowledge  there  has  been  but  one  bridge  of  cast- 
iron  piles  built  within  the  State  of  Connecticut  up  to  the  present 
time.  This  has  just  been  completed  in  the  town  of  Old  Lyme,  and 
replaces  a  wooden  pile  structure.  This  bridge  is  only  about  110 
feet  in  length,  and  is  built  of  10-inch  piles  30  feet  along,  placed  in 
two-pile  bents  spaced  about  18  feet  apart.  The  piles  in  each  bent 
are  capped  with  a  steel  beam  and  the  bent  is  braced  by  diagonal  sway 
rods. 

The  flooring  of  the  bridge  is  constructed  with  longitudinal  steel 
joists,  upon  which  the  planking  rests.  In  this  bridge  10  iron  piles 
replace  53  wooden  ones  in  the  old  structure,  and  the  consequent  gain 
in  unobstructed  water  way  is  very  apparent. 

Among  other  bridges  of  this  construction,  which  have  been  built 
in  adjacent  states  during  the  past  year,  may  be  mentioned  the  one  at 
Westport  Point,  Mass.,  about  1,000  feet  in  length,  of  which  about 
650  feet  is  iron  pile  trestle.  This  bridge  contains  a  draw-span  about 
90  feet  in  length,  the  center  pier  for  which  consists  of  9  cast-iron 
piles,  one  supporting  the  center  pivot  and  the  remaining  eight  driven 
at  equal  intervals  in  the  circumference  of  a  20-foot  circle,  of  which 
the  pivot  pile  is  the  center.  These  eight  piles  support  a  circular 
girder  carrying  the  wheels,  upon  which  the  span  swings.  The  9  piles 
forming  this  center  pier  are  securely  braced  to  each  other  in  every 
direction,  thus  giving  to  the  pier  a  stability  for  all  practical  purposes 
equal  to  that  of  a  stone  pier.  Another  example  is  the  bridge  at 
Barrington,  R.  I.,  some  350  feet  in  length,  consisting  of  bents  of 
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iron  piling  ^aced  about  19J  feet  apart.  This  bridge  is  provided 
with  ice-breakers  on  each  bent,  consisting  of  steel  beams  attached 
to  the  ends  of  the  beam  capping  each  bent,  and  extending  thence 
to  the  bottom  of  the  stream  at  an  angle  of  about  45  degrees.  There 
has  also  been  constructed  recently  at  Hempstead,  N.  Y.,  a  heavy 
draw-span,  in  which  not  only  the  center  pier  but  the  two  abutments 
as  well  are  constructed  of  cast-iron  piles.  In  the  center  pier  the 
same  method  of  construction  is  employed  as  that  used  in  the  draw- 
pier  of  the  bridge  of  Westport  Point.  The  abutments  are  built 
by  driving  cast-iron  piles  along  the  line  of  the  face  of  abutment 
and  wing  walls,  and  bolting  heavy  ribbed  cast-iron  plates  on  the  back 
of  the  piles.  To  assist  the  piles  in  sustaining  the  thrust  of  the  fill 
back  of  the  abutments,  to  each  pile  is  fastened  a  heavy  iron  rod 
extending  back  and  anchored  in  the  fill  below  the  grade  of  the  road- 
way. 

The  applications  of  iron  piling  in  foundations  and  substructure 
work  are  many,  although  at  the  present  time  its  use  is  principally 
confined  to  pier  and  trestle  work  for  bridges.  In  locations  where 
good  stone  are  not  readily  available  for  the  construction  of  piers  and 
abutments,  the  iron  piling  has  been  very  successfully  employed  to 
support  the  superstructures  of  both  railroad  and  highway  bridges. 

In  crossing  wide  sluggish  streams,  with  marshy  banks,  where  it  is 
desired  to  construct  a  bridge,  which  shall  be  a  permanent  structure 
and  one  which  may  be  built  at  a  moderate  cost,  the  iron  piling  ful- 
fills the  conditions  more  perfectly  than  any  other  method  of  con- 
struction. With  the  advantages  of  ease  and  quickness  of  erection, 
and  stability  of  construction  possessed  by  the  iron  piling,  it  would 
seem  that  as  its  utility  becomes  recognized  it  will  prove  such  an  im- 
portant factor  in  modern  constructions  as  to  revolutionize  present 
methods  in  many  instances  at  least. 
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NORWICH  WATER  WORKS. 

BY  C.  E.  CHANDLER,  NORWICH,  CONN. 


Norwich,  Connecticut,  is  supplied  with  water  by  simple  gravity 
works,  from  an  almost  uninhabited  watershed  within  about  two  and 
one-half  miles  from  the  centre  of  the  city. 

Its  history  and  character  are  much  like  those  of  many  other  New 
England  water  works. 

The  city  had  a  population  of  less  than  12,000  when  the  works 
were  built  in  1868,  and  it  was  then  supposed  that  forty  gallons  daily 
per  capita  was  a  sufficient  supply. 

The  site  selected  was  somewhat  peculiar,  in  being  at  the  head  of 
two  small  streams  running  in  opposite  directions,  the  watersheds  of 
which  lapped  by  one  another. 

The  area  of  the  principal  watershed,  in  which  the  reservoir  was 
built  was  394  acres,  and  the  portion  of  the  watershed  of  opposite 
valley  diverted  was  89  acres,  a  total  of  483  acres. 

The  level  of  the  summit  of  the  principal  watershed  was  fixed  for 
height  of  water-line  of  the  reservoir,  so  that  the  overflow  discharges 
into  the  opposite  valley  below  the  point  of  diversion. 

This  simplified  the  construction  of  the  dam,  because  no  overflow 
was  there  needed. 

It  required,  however,  the  settlement  of  land  and  water  claims, 
with  the  riparian  owners  of  both  streams,  not  only  on  account  of 
diversion  from,  but  diversion  into,  each  stream. 

Regarding  the  character  of  the  watershed,  I  quote  from  the 
original  report  by  John  T.  Fanning,  the  engineer,  as  follows  : 

**  About  two- thirds  of  the  surface  of  the  watershed  was  arable 
land,  and  the  remainder -woodland,  all  with  a  considerable  slope  and 
with  a  nearly  impervious  clayey  strata  lying  near  the  most  of  the  sur- 
face, the  whole  being  considered  quite  favorable  for  securing  a  large 
percentage  of  the  rainfall." 

I  wish  to  call  attention,  in  passing,  to  the  fact  that  the  watershed 
of  the  reservoir  consists  of  the  extreme  upper  portion  of  two  water- 
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sheds,  and  to  the  idea  that,  other  things  being  equal,  a  similar  area 
of  either  of  them  would  be  likely  to  yield  more  than  the  combina- 
tion. 
The  reasons  I  suggest  for  this  belief  are : 

1.  The  periphery  and  least  yielding  portion  of  the  watershed 
will  form  a  greater  proportion  of  the  whole. 

2.  The  loss  from  the  water  entering  the  ground,  and  appearing 
lower  down  the  valley  in  the  form  of  springs,  will  be  greater  than  if 
a  greater  portion  of  either  valley  were  included. 

The  dam  is  of  blue  gravel  with  masonry  core  wall.  It  is  four 
hundred  and  sixty-eight  feet  long  and  twenty-five  feet  wide  on  top, 
and  thirty-five  feet  in  height  at  deepest  place.  The  outer  slope  is 
one  and  one-half  to  one,  soiled,  and  the  inner  slope  two  to  one  with 
eighteen  inches  of  riprap.  The  priming  wall  was  carried  a  part  of 
of  the  way  through  shaley  rock  to  solid  rock,  and  is  two  feet  thick 
at  top  and  five  feet  thick  at  the  bottom,  and  was  grouted. 

The  well-house  is  of  stone  masonry,  eight  feet  in  diameter  in  the 
clear,  and  its  bottom  is  twenty-five  feet  below  level  of  overflow. 

A  special  feature  is  the  adjustable  effluent  pipe,  which  is  a  Y 
shaped  casting,  resting  on  the  floor  of  the  well-house,  to  which  is 
joined  the  main  sixteen-inch  supply  pipe.  I  again  quote  from 
original  report : 

"The  arms  of  the  Y  casting  are  curved  toward  each  other  into 
heart  form,  and  are  flanged  at  their  ends.  These  arms  are  of  14- 
inch  diameter  pipe.  The  adjustable  pipe  is  of  copper,  sixteen 
inches  in  diameter.  The  foot  of  the  adjustable  pipe  is  made  in  X 
form,  with  the  two  arms  flanged  so  as  to  make,  when  joined  to  the 
flanged  arms  of  the  Y  casting,  a  flexible  joint,  allowing  the  pipe  to 
move  freely  in  a  vertical  plane.  The  flexible  joint  has  gun  metal 
flanges  and  rubbing  surfaces.  On  the  head  of  the  adjustable 
pipe  is  a  large  perforated  bulb,  the  sum  of  the  perforations  being 
double  the  sectional  area  of  the  pipe.  The  length  of  the  adjustable 
pipe  from  the  foot  to  the  head  is  twenty-seven  feet,  so  that  when 
raised  in  a  vertical  position  the  bulb  is  accessible  above  water,  from 
•  the  platform  on  the  top  of  the  buttresses.  In  the  curb  of  the  well- 
house  is  set  a  shaft,  on  which  is  fixed  a  hand-wheel  and  pulley. 

"The  adjustable  pipe  is  counter- weighted  and  retained  in  proper 
position  by  a  copper  wire  weight  cord,  attached  to  the  pipe  near  the 
bulb  and  passing  over  and  around  the  pulley,  and  connected  to  the 
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counter- weight  suspended  by  it,  in  the  interior  of  the  weB-hoUBd. 

'*  A  ratchet  stop  holds  the  shaft  and  pipe  as  adjusted.  When  the 
pipe  is  set  in  position  the  water  enters  the  perforated  bulb,  passes 
through  the  copper  pipe,  and  heart-shape  pipe,  into  the  main  supply 
pipe.  One  man,  with  the  aid  of  the  adjustable  machinery,  can  raise 
the  bulb  out  of  the  water  for  cleaning,  or  quickly  set  it  in  any 
desired  position  between  the  surface  of  the  water  and  the  bed  of  the 
lake. 

^' This  adjustable  apparatus  was  suggested  by,  and  constructed 
under  the  direction  of  Mr.  Alba  P.  Smith,  president  of  the  board, 
and  has  continued  to  work  admirably  to  the  present  time." 

As  there  is  no  overflow  at  the  dam  the  latter  forms  an  unobstroc- 
tive  feature  of  the  landscape. 

The  surface  covered  by  the  reservoir  received  an  imusually 
thorough  cleaning.  Twenty  thousand  stumps  from  four  to  thirty- 
six  inches  in  diameter  were  removed  by  two  Btump  extractors.  The 
entire  bed  of  the  lake  was  cleaned  and  all  soil  containing  grasses  or 
roots  entirely  removed. .  Forty  thousand  cubic  yards  of  stone,  ex- 
posed in  the  excavations,  were  used  in  building  a  bank  wall  extend- 
ing entirely  around  the  reservoir.  The  top  of  the  wall  is  from  two 
to  four  feet  above  the  level  of  overflow; 

Regarding  this  wall,  I  quote : 

*  *  The  most  important  use  of  the  enclosing  wall,  and  riprap  at  its 
base,  are  to  prevent  washings  of  the  steep  slopes,  when  high  winds 
dash  the  water  upon  them,  to  prevent  the  growth  of  aquatic  plants, 
and  to  avoid  shallow  waters  near  the  margin  where  the  water  might 
be  raised  in  hot  weather  to  a  temperature  sufficient  to  cause  fermen- 
tation of  any  vegetable  substance  produced,  or  accidentally  depos- 
ited there.'' 

From  the  gutter,  outside  the  roadway  around  the  reservoir,  forty- 
seven  culverts  were  built  beneath  the  roadway  to  lead  the  surface 
water  to  the  reservoir. 

While  the  wall  is  a  pleasing  feature  in  the  appearance  of  the  res- 
ervoir, and  gives  a  considerable  depth  of  water  around  the  edges  of 
the  reservoir  when  full,  there  has  been  some  trouble  with  tie  ma-- 
terial  outside  the  wall  washing  through  it  and  making  holes  in  the 
roadway. 

In  the  ordinary  use  of  the  reservoir  it  is  seldom  full  in  the  wann 
weather  so  that  the  advantage  of  the  wall  is  more  apparent  than 
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real,  while  riprajj  is  a  cheaper  and  more  permanent  form  of  protect- 
ing the  edges. 

The  area  of  the  reservoir  is  66  acres,  its  greatest  depth  24  feet, 
and  capacity  333,000,000  gallons.  Plash  boards  are  used  which  in- 
crease the  capacity  to  about  350,000,000  gallons. 

The  estimated  capacity  of  the  works  was  50  per  cent,  of  the  av- 
erage annual  rainfall  of  40  inches  or  about  262,500,000  gallons  an- 
nually. 

Unfortunately  no  actual  measurements  of  the  yield  or  consumption 
have  been  made.  One  can  only  say  that  the  gates  were  closed  Oc- 
tober 23rd,  1868,  and  that  the  reservoir  was  full  January  16th,  1870. 

Comparison  with  the  rainfall  and -estimated  consumption  during 
fiUing  verified  the  engineers  estimate  of  50  per  cent,  as  the  amount 
of  the  rainfall  available. 

The  reservoir  remained  full  until  May  15th,  1871.  It  furnished 
all  the  water  used  in  Norwich  until  the  spring  of  1881  and  practi- 
cally no  water  wasted  after  the  spring  of  1871. 

The  population  of  Norwich  in  1881  was  15,000. 

In  the  absence  of  knowledge  of  the  amount  of  water  used  it  can 
only  be  said  that  a  city  of  12,000  to  15,000  people,  where  a  good 
deal  of  water  is  used  by  manufacturing  establishments,  and  where 
much  water  is  known  to  have  been  wasted,  were  supplied  from  417 
acres  of  watershed  exclusive  of  the  66  acres  of  reservoir  from  1871 
to  1881. 

The  level  of  overflow  is  about  220  feet  above  the  ground  on  which 
the  most  important  mills  and  business  buildings  stand,  and  about  100 
feet  above  the  ground  on  which  the  best  residences  are  situated.  A 
small  portion  of  the  .city  is  nearly  as  high  as  the  reservoir. 

The  works  were  built  when  cast-iron  pipe  was  about  $80  per  ton, 
and  wrought-iron  cement-lined  was  recommended  and  used,  because 
as  by  original  report  *  *  In  addition  to  the  greatly  increased  cost  of 
cast-iron  pipes,  the  rapid  incrustation  and  consequent  diminished  ser- 
vice capacity,  the  discoloration  of  the  water  by  oxides,  are  found  in 
practice,  to  be  serious  objections  to  their  use.'' 

Considering  the  fact  that  cement  pipe  then  cost  about  half  as 
much  as  cast-iron,  and  that  the  indebtedness  had  to  be  bonded  at 
seven  per  cent,  and  long  time,  and  the  important  fact  that  people 
did  not  then  know  what  sizes  were  necessary  for  ^ood  service,  the 
use  of  the  cement  was  fortunate. 
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The  main  supply  pipe  has  proved  reliable  for  twenty-six  years  with 
no  immediate  prospects  of  failure.  Its  life  may  be  considered  thiriy 
years.     The  life  of  the  distributing  pipes  was  about  twenty  years. 

Had  the  pipes  been  cast-iron  to  begin  with  we  should  probably 
have  been  still  struggling  with  mains  so  small  that  the  people  on 
the  highest  hills  would  have  had  to  pump  their  water  from  the  pipes. 

The  following  table  shows  changes  in  sizes : 

10,024  feet  changed  from  4-inch  to  6-inch. 
8,937  feet  changed  from  6-inch  to  10-inch. 
4,452  feet  changed  from  6-inch  to  12-inch. 
514  feet  changed  from  6-inch  to  14-incb. 
1,326  feet  changed  from  8-inch  to  10-inch. 
7,564  feet  changed  from  10-inch  to  16-inch. 

The  total  cost  of  the  works,  including  distribution  up  to  April 
30th,  1870,  was  $267,669.12,  of  which  the  cost  of  the  reservoir  was 
about  $137,000. 

In  1880  an  additional  main  of  16 -inch  cast-iron  pipe  was  laid  for 
the  double  purpose  of  increasing  available  pressure  and  of  elimi- 
nating the  risk  of  depending  on  a  single  main. 

The  new  main  cost  $19,244.51. 

The  increasing  use  of  city  water,  and  the  fact  that  the  city  had  for 
ten  years  used  all  the  water  the  works  were  able  to  supply,  made  an 
increase  imperative. 

A  watershed  of  about  980  acres,  lying  westerly  of  and  parallel 
with  the  reservoir  already  constructed,  was  selected  as  the  source  of 
an  additional  supply.  7,160  feet  of  24-inch  cast-iron  pipe  was  used 
to  connect  this  watershed  with  the  existing  reservoir  with  a  fall  of 
nine  feet  from  bed  of  brook  to  full  reservoir.  The  brook  was  di- 
verted by  simply  repairing  an  ancient  dam  built  to  turn  water  for 
irrigation.     The  cost  of  this  extension  was  $58,906.80. 

The  city  did  not  first  acquire  the  full  use  of  the  additional  water- 
shed, but  only  the  right  to  use  it  at  such  times  as  there  was  a  sur- 
plus in  the  Yantic  river.  As  the  mill  privilege  on  the  Yantie  was 
fully  developed  the  cities  use  of  Meadow  Brook  was  practically  con- 
fined to  two  or  three  winter  or  spring  months.  In  spite  of  this  fact 
the  addition  kept  our  reservoir  full  on  an  average  of  five  months  in 
the  year,  from  1883  till  1893, 
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February  Ist,  1893,  the  prospects  tor  a  water  famine  were  alto- 
gether too  favorable.  There  were  50,000,000  gallons  in  the  reser- 
voir only  24,000,000  gallons  of  which  was  practically  available 
through  both  mains.  The  water  was  not  lowering  fast  and  the  sea- 
son of  greatest  yield  was  at  hand.  The  danger  was  not  that  there 
would  be  a  shortage  soon,  but  that  the  reservoir  might  not  fill,  in 
which  case  another  dry  season  would  be  fatal. 

On  February  6th,  there  was  a  rainfall  of  1.30  inches ;  February 
9th  and  10th,  2.40  inches  j  February  13th,  1.41  inches,  a  total  for 
the  week  of  over  five  inches  at  just  the  most  favorable  time.  The 
total  rainfall  for  the  month  was  8.61  inches. 

The  result  was  that  March  19th,  the  reservoir  was  full  and  re- 
mained full  till  July  2nd,  1893. 

About  that  time  full  rights  to  the  stream  were  secured  but  the 
city  has  used  all  the  water  of  both  watersheds  since  the  last  date, 
and  the  reservoir  is  now  (January  1st,  1895,)  only  about  one-half 
full. 

The  present  population  of  the  city  is  about  18,000,  increasing 
slowly.  It  seems  probable  that  the  present  works  will  answer  for  a 
number  of  years  if  average  rainfalls  favorably  distributed  occur. 

There  is  an  opportunity  to  build  a  reservoir  in  the  new  valley 
holding  about  1,000,000,000  gallons.  Such  a  reservoir,  or^even  one 
of  less  capacity,  would  probably  make  available  all  the  water  collect- 
able on  the  two  watersheds. 

Such  a  reservoir  would  be  35  feet  higher  than  the  present  reser- 
voir, and  could  be  so  connected  with  the  mains  as  to  form  a  high  ser- 
vice of  great  advantage  to  a  portion  of  the  city. 

The  point  of  greatest  difficulty  is  the  treatment  of  the  ground 
under  proposed  reservoir.  Over  100  acres  of  it  is  meadow  and 
swamp  with  a  deep  deposit  of  muck  or  peat,  the  removal  of  the 
whole  of  which  would  probably  be  impracticable. 

The  greatest  danger  to  the  water  works  is  that  of  delaying  the 
construction  of  this  storage  reservoir  until  increasing  use  of  water 
and  a  dry  season  concur  to  cause  a  water  famine. 

The  unusual  expense  incurred  of  cleaning  bottom  and  building 
walls  around  our  present  reservoir  could  be  justified  only  by  it  pro- 
ducing first-class  water. 

While  for  a  long  time  and  on  the  whole  the  water  has  been  excel- 
lent, the  fishy  taste  and  odor  which  seems  to  occur  at  sometime  in 
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nearly  all  artificial  reservoirs,  was  not  wholly  avoided,  as  will  be  seen 
from  the  following  quotation  from  the  report  made  by  the  superin- 
tendent, H.  B.  Winship  at  the  end  of  the  first  five  years: 

**  Considerable  trouble  hds  been  experienced  at  various  times,  and 
it  has  been  necessary  to  use  very  large  quantities  of  water  in  flush- 
ing, emptying  and  refilling  our  mains,  with  the  hope  of  removing 
the  disagreeable  taste  and  odor  which  at  times,  and  in  certain  local- 
ities pervaded  the  water  to  a  very  unpleasant  extent.  I  ttunk  full 
twenty  per  cent,  of  all  the  water  drawn  during  such  time  was  for 
this  purpose ;  it  was  therefore  a  source  of  great  care  and  anxiety, 
and  I  truly  appreciated  your  order  instructing  me  to  procure  a 
thorough  analysis,  ascertain  the  cause,  and  if  possible,  how  it  could 
be  permanently  removed.*' 

Prof.  B.  Silliman's  report  above  referred  to  dated  January  20th, 
1873,  compliments  the  manner  in  which  the  reservoir  was  con- 
structed. 

Among  other  things  he  says  :  **  I  may  remark  that  this  is  an  un- 
usual degree  of  care  and  thoroughness  in  the  preparation  of  ground 
for  flowage.  Many  such  works  within  my  own  knowledge,  have 
been  completed  without  any  such  needful  care.  The  only  additional 
precaution  which  could  have  been  taken  would  have  been  the 
shingling  of  the  scarfed  surface  with  clean  gravel  and  sand  ;  and 
for  this  purpose  the  immediate  vicinity  of  the  reservoir  offered  no 
facilities,  and  the  expenses  involved  would  consequently  have  been 
very  great.'* 

Concerning  complaints  about  the  water.  Prof.  Silliman  says: 
**A11  seemed  to  agree  that  the  water  in  some  localities  was  effected 
unpleasantly,  and  much  less  so  in  others,  some  localities  never 
having  made  complaint.  The  nature  of  the  objectionable  flavor  was 
as  variously  stated,  but  the  most  general  statement  was  that  the 
water  had  a  *  fish-like'  odor  or  flavor,  while  others  simply  compared 
it  to  bog- water  or  pond- water  flavor.  That  there  has  been  reason 
for  these  complaints  cannot  be  doubted,  but  that  the  cause  of  com- 
plaint is  no  serious  or  irremediable  one,  1  hope  to  show  to  the  satis- 
faction of  the  most  skeptical,  nor  is  it  by  any  means  an  unusual 
thing  to  find  similar  complaints  from  lakes  and  reservoirs  compara- 
tively newly  built." 

***♦**••♦• 

'  'After  hearing  the  testimony  of  various  witnesses  as  to  the  char- 
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acter  of  the  water  in  Norwich,  on  the  7th  of ,  January  I  made  visits 
to  several  points,  where  all  agreed  it  had  been  the  most  offensive, 
and  certainly  the  reports  were  not  such  as  to  predispose  even  an  un- 
prejudiced judge  in  its  favor !  My  surprise  was  therefore  excited 
to  find  the  water  in  no  case  where  I  examined  it,  as  drawn  from  the 
taps,  marked  by  any  of  the  bad  qualities  of  flavor  or  odor,  which 
were  reasonably  to  be  expected.  The  color  was  slightly  yellowish 
brown,  and  I  fancied  in  one  or  two  places  that  the  flavor  was  a  little 
marked  by  the  vegetable  extractive  matter,  which  is  the  cause  of 
the  color. 

**  I  was  assured  in  all  the  places,  which  I  visited,  that  some  two 
weeks  before  there  was  no  difliculty  in  finding  the  qualities  which 
all,  equally  with  myself,  agreed  were  now  sensibly  absent.  I  make 
this  statement,  so  much  at  variance  with  the  general  popular  ver- 
dict, advisedly.  But  an  appeal  rests,  after  all,  on  the  a6tual  results 
of  chemical  and  physical  examination,  which  leaves  no  doubt,  as 
you  will  see,  that  the  water  of  your  lake  is  of  extraordinary  purity, 
whether  judged  by  the  very  minute  quantity  of  foreign  matter  it 
contains,  both  absolutely,  in  grains  per  gallon,  and  comparatively, 
to  other  well-known  and  highly  accredited  waters. 

**  The  only  vulnerable  point  in  the  case,  so  far  as  given  by  chemical 
evidence,  is  seen  in  the  fact  that  the  proportion  of  the  *  organic 
matter*  to  the  *  mineral  matter,'  in  the  total  solid  contents  of 
the  water  is  too  high,  although  it  is  considerably  less  in  amount  than 
the  average  of  potable  waters  supplied  in  other  cities,  and  with  one 
or  two  exceptions  it  is  smaller  than  any.'* 

Regarding  the  trout  and  black  bass  placed  and  protected  in  the 
reservoir.  Prof.  Silliman  says :  *  *  Too  many  large  fish  in  a  limited 
volume  of  water  may  certainly  impair,  rather  than  preserve  its 
purity. 

**I  am,  by  no  means,  prepared  to  say  that  the  *  fish-like  flavor,' 
which  some  have  detected  in  your  water,  is  due  to  this  cause.  I 
have  myself  failed  to  detect  the  flavor  in  question,  where  others  find 
it.  But  the  comparative  scarcity  of  animalcula  suggest  the  inquiry 
whether  the  fish  have  devoured  them,  and  thus  impaired  the  balance 
of  organic  nature!" 

The  results  of  Prof.  Silliman's  analysis  are  shown  in  following 
table: 
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Wkiohts  of  Impubitt  m  Qbains  and  Habdnbss  in  Onb  Stamdabd  Amdicah 

GaLI/ON  of  WaTBB  SXTPPLIID  TO  THE  GiTT  OF  NoBWICH. 

Mineral       Organic  and     Total  Solidt 
No.  Soorce.         '  Matter.    Volaole  Matter.    Impurities.    Hardaew. 

1.  22  feet  from  sarfaoe  of  Lake  . .   .1.166  0.700  1.866  0.560 

2.  12    '*.    •*          "         '•     "      1.149  0.600  1.749  0.540 

3.  Surface  of  Lake 1.050  0.583  1.633  0.510 

4.  Waste  Pipe 1.399  0.700  2^099  0.660 

5.  Faucet  at  Mr.  Biohmond's 1.071  0.795  1.866  0.560 

Average    .1.167  0.676  1.844  0.646 

Prof.  Silliman's  conclusions  are : 

**  1st.  That  the  Norwich  water,  as  compared  to  other  city  waters, 
is  of  exceptional  purity. 

*  *2nd.  That  remarkable  care  and  good  judgment  have  been  ex- 
ercised in  preparing  the  lake,  or  reservoir,  to  secure  cleanliness  and 
freedom  from  objectionable  circumstances,  as  well  as  to  insure  Ihe 
delivery  of  -the  water  from  the  turbidity  of  the  lower  stratum  near 
the  bottom  of  the  lake. 

'*5th.  The  complaints  which  have  been  made  of  the  Norwich 
*  water  by  your  citizens,  in  my  judgment,  are  due  to  the  small  amount 
of  vegetable  matter,  less  than  three-fourths  of  one  grain,  in  a 
gallon  of  water. 

'*  When  the  water  is  shut  up  in  the  mains,  under  a  pressure  of  five 
or  six  atmospheres,  the  air  dissolved  in  the  water  is  greatly  con- 
densed, and  with  the  pressure  is  relieved  at  the  tap,  the  water  rush- 
ing out  force  foams  and  sparkles  with  escaping  air,  carrying  with  it 
the  peculiar  odor  of  the  vegetable  matter.  Hence  it  appears  by 
such  evidence,  as  I  have  been  able  to  obtain,  the  annoyance  is  tem- 
porary. 

^  *  The  water,  at  first  offensive,  allowed  to  stand  a  few  hours,  has  lost 
all  odor.  I  venture  to  predict  that  the  evil  will  disappear  as  it  came, 
without  any  assignable  reason,  and  that  your  water  will  steadily  gain 
favor  with  all  classes  of  citizens.'' 

It  appears  that  there  continued  to  be  an  unpleasant  odor  at  times 
for  several  years,  as  Superintendent  Winship's  report  for  year  end- 
ing March  7th,  1879,  says:  **Each  year,  when  this  unpleasant 
taste  and  odor  has  appeared,  it  is  gradually  less  each  time,  and  I 
have  never  doubted  that  with  proper  and  intelligent  care  it  may,  to 
a  great  extent  be  avoided.'' 

The  writer  has  used  the  water  continuously  since  June,  1881,  and 
has  never  had  any  ground  for  complaint. 
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SEWAGE  DISPOSAL  WORKS  AT  NEW  ROCHELLE.N.Y. 

BY  J.  K.  WILKES,  CHIEP  ENGINEER, 

NSW  BOOHKLLB  BXWSB  00MMI8SI0N. 
I      [The  cuts  Uliistnaing  this  paper  were  kindly  loaned  by  the  Engineering  News.] 


New  Bochelle  is  sitaated  on  the  northerly  shore  of  Long  Island 
Sound,  about  sixteen  miles  from  New  York  city,  and  has  a  popula- 
tion of  10,000.  An  examination  of  a  topographical  map  of  the 
place  at  once  shows  that  the  land  rises  irregularly,  but  in  general 
quite  rapidly  from  tide  water  to  a  point  in  the  northerly  boundary 
line  of  the  village  where  an  elevation  of  150  feet  above  mean  low 
water  is  reached ;  and  also  that  there  is,  running  from  south  to 
north,  a  watershed  dividing  the  place  into  two  approximately  equal 
drainage  districts. 

Under  the  administration  of  the  New  Rochelle  Sewer  Commission 
the  work  of  sewer  construction  was  begun  in  1889,  and  at  the  close 
of  1891  most  of  the  streets  in  the  easterly  drainage  district  were 
sewered,  the  outlet  discharging  into  tide  water  near  what  is  locally 
known  as  ''Hudson  Park.'' 

In  March,  1892,  the  law  imder  which  the  Commission  were  act- 
ing was  amended  so  as  to  provide  that  the  sewage  from  the  other 
drainage  district,  when  the  system  in  that  district  was  constructed, 
should  be  treated  in  disposal  works,  or  if  not  so  treated,  should  be 
carried  imder  the  water  across  the  harbor  to  a  point  beyond  the 
southerly  shore  of  Davenport's  Neck  and  Starin's  Glen  Island. 

For  various  reasons  it  seemed  impracticable  to  comply  with  the 
latter  legal  alternative,  and  it  was  therefore  decided  to  construct 
some  form  of  sewage  disposal  works. 

Geologically,  New  Rochelle  is  underlaid  with  gneiss  and  mica 
schist  rock.  Over  this  rock  and  of  varjring  depths  is  a  compara- 
tively impervious  soil  of  clayey  loam  and  hard  pan,  and  which  along 
the  low  lands  in  the  valleys  is  in  many  places  overlaid  with  an  ar- 
gillaceous mud  containing  more  or  less  vegetable  matter. 
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No  sandy  or  gravelly  tracts  of  land  of  sufficient  size  and  suitable 
for  disposal  by  irrigation  or  filtration  were  available.  These  meth- 
ods were  therefore  clearly  out  of  the  question  and  chemical  precipi- 
tation was  adopted. 

Surveys  and  borings  were  made  along  the  line  of  the  then  pro- 
posed outlet  sewer  of  the  westerly  drainage  district,  and  a  location 
for  the  works  was  finally  selected  in  the  Burling  Brook  valley,  in  the 
southwest  part  of  the  village. 

While,  in  some  respects,  the  location  was  not  all  that  could  be  de- 
sired, it  certainly  possessed  the  merit  of  affording  a  good  and  uni- 
form foundation  for  the  works. 

The  works  as  built  consist  of  a  one-story  brick  building,  five  pre- 
cipitation tanks,  a  sludge  well,  and  the  necessary  apparatus  for  mix- 
ing the  chemicals,  and  the  machinery  for  handling  the  sludge. 

The  contract  for  the  building,  tanks  and  sludge  well  was  awarded 
to  John  New  &  Son. of  New  Rochelle,  and  work  of  excavating  for 
the  tanks  and  well  was  commenced  May  28,  1894.  The  material 
found  in  the  upper  two  feet  of  the  excavation  varied  from  a  hard 
clayey  loam  in  some  places,  to  muck  and  mud  in  others.  Beneath 
this  was  about  four  feet  of  sand  and  clay,  and  the  remainder  of  the 
excavation  was  through  water-bearing  gravel. 

As  the  excavation  into  the  gravel  progressed,  water  began  .to  flow 
in  continually  increasing  quantities.  A  four-inch  Bush  centrifugal 
pump  with  a  10  H.  P.  engine  and  vertical  boiler  was  placed  in  po- 
sition, with  the  pump  suction  in  the  sludge  well.  The  work  of  ex- 
cavation for  the  well  was  then  forced  and  the  well  completed. 

From  it  lines  of  4-inch  vitrified  pipe  was  laid  with  open  joints 
around  and  across  the  then  partially  completed  rectangular  excava- 
tion in  which  the  precipitation  tanks  were  to  be  built.  These  lines 
of  pipe  formed  efficient  drains  conveying  the  water  into  the  well, 
and  from  which  it  was  removed  by  the  previously  mentioned  pump. 

Upon  completion  of  the  excavation  for  the  tanks  a  bed  of  con- 
crete averaging  10  inches  in  depth  was  laid  on  the  bottom  of  the  en- 
tire area.  This  concrete  was  composed  of  one  part  Saylor's  Ameri- 
can Portland  Cement,  two  parts  of  sand  and  four  parts  of  clean 
screened  gravel.  It  was  deposited  in  two  layers  of  equal  thickness, 
each  layer  being  thoroughly  consolidated  and  allowed  to  remain  un- 
disturbed until  set. 
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Upon  this  concrete  foundation  the  brick  walls  of  the  five  precipi- 
tation tanks  were  built. 

These  tanks  are  each  22  feet  by  66  feet  inside,  arranged  side  by 
side,  as  shown  on  the  drawing,  and  when  full  and  in  operation  the 
sewage  in  them  will  average  5  feet  in  depth.  The  five  tanks  in- 
cluding the  partition  and  side  walls  occupy  a  space  72  feet  wide  by 
128  feet  long.  The  tops  of  the  outside  walls  of  the  tanks,  and  that 
of  the  outer  wall  of  the  main  channel  are  level  with  the  surface  of 
the  ground,  the  pai*tition  walls  being  two  feet  lower.  The  outside 
walls  of  the  tanks  are  three  feet  thick  at  the  bottom  and  have  a  ver- 
tical inside  face.  At  the  back  are  three  4-inch  offsets  reducing  the 
wall  to  two  feet  in  thickness  at  the  top.  The  partition  walls  are 
each  thi-ee  feet  thick,  both  sides  vertical. 


In  building  these  walls  the  face  and  the  back  were  each  kept  at  a 
higher  level  than  the  central  portion.  Ample  quantities  of  Port- 
land cement  mortar,  two  to  one,  were  placed  in  the  center  and  the 
brick,  previously  saturated  with  water,  were  forced  with  close  joints 
into  the  mortar ;  each  brick  being  practically  submerged. 

It  is  needless  to  state,  perhaps,  that  the  walls  are  absolutely  water 
ti^ht.     In  the  construction  of  all  brick  masonry,  nothing  but  se- 
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lected  hard-bumed  New  Haven  brick  and  Saylor's  American  Port- 
land cement  were  used. 

The  4-inch  coping  on  the  walls  was  made  in  the  following  manner : 
After  the  top  of  the  wall  had  been  swept  clean  and  thoroughly  wet 
a  wooden  mould  was  clamped  thereto.  A  layer  of  cement  mortar, 
about  one-half  an  inch  in  depth,  was  then  spread  on  and  the  mould 
nearly  filled  with  concrete  composed  of  one  part  Portland  cement, 
one  part  sand,  and  two  parts  clean  washed  gravel.  The  concrete 
was  then  consolidated  with  iron  tampers  and  the  space  between  the 
top  of  the  concrete  and  the  top  of  the  mould  was  filled  with  cement 
mortar  one  to  one,  and  given  a  float  finish.  The  copings  were  kept 
wet  several  days. 

The  concrete  floor,  forming  the  bottoms  of  the  tanks,  is  covered 
with  a  coating  of  cement  mortar  one  to  one,  one  inch  in  thickness, 
also  with  float  finish. 

The  floor  slopes  from  each  side  toward  the  centre  at  the  rate  of  1 
in  40,  and  from  one  end  of  the  tank  to  the  other  at  the  rate  of  1  in 
66.  It  has  also  a  central  sludge  drain  or  trough,  having  a  grade 
of  1  in  33  to  the  sluice  or  sludge  gate. 

The  main  channel  3  feet  in  width  and  125  feet  long,  extends  along 
one  end  of  the  tanks  and  has  a  fall  of  1-10  of  a  foot.  The  walls  are 
of  brick,  the  bottom  circular  in  section,  of  concrete  10  inches  in 
thickness  and  smoothly  coated  with  cement  mortar.  In  one  side  of 
the  channel,  and  communicating  with  the  tanks,  are  openings  or  weirs 
3  feet  in  width.  These  weirs,  in  connection  with  suitable  stop 
planks,  are  so  arranged  that  the  tanks  may  be  used  in  series  or  in- 
termittently as  may  be  desired. 

Alongside  the  main  channel  for  about  one-half  its  length,  and  con- 
necting therewith  at  the  end,  is  one  part  of  the  mixing  channel.  The 
other  part  runs  at  right  angles  thereto  and  the  junction  at  the  angle 
is  made  by  a  curve  of  8  feet  radius.  The  first  mentioned  part  is  3 
feet  wide ;  the  other  2  feet,  the  change  being  uniformly  made  in 
the  curve.  The  general  construction  is  the  same  as  that  of  the  main 
channel.  The  mixing  channel  passes  through  under  the  building 
and  has  twenty-six  baflBe  plates  of  blue  stone  extending  nearly  to 
the  centre  on  alternate  sides  at  intervals  of  2  feet  along  the  axis. 
This  part  of  the  channel  has  a  fall  of  eight-tenths  of  a  foot. 


AKD  SiTRVEYOItS  ASSOCtAHON. 


55 


Prom  the  upper,  or  inlet  end  of  the  mixing  channel,  to  the  lower 
end  of  the  main  channel,  is  an  18-inch  vitriBed  stoneware  by-pa^ 
pipe,  which  can  be  used  to  convey,  untreated,  the  night  flow  of 
clear  ground  water  directly  to  the  outlet  sewer  below,  thereby  giving 
the  treated  sewage  in  the  tanks  ample  time  to  settle. 

The  sludge-well  is  circular,  12  feet  in  diameter  inside,  18  feet 
deep,  built  of  16-inch  brick  masonry  on  concrete  10  inches  in  thick- 
ness, and  has,  built  into  the  brickwork  three  lines  of  |-inch  round 
wrought-iron  steps  reaching  from  top  to  bottom. 

Leading  from  the  sludge-well,  in  opposite  directions  and  parallel 
with  one  end  of  the  tanks,  are  two  lines  of  18-inch  vitrifled  stone- 
ware sludge  pipes  terminating  in  manholes,  and  having  a  grade  of 
2  per  cent,  toward  the  well.  From  the  lower  end  of  the  sludge 
drain,  in  the  bottom  of  each  tank,  is  a  12-inch  vitrified  stoneware 
sludge  pipe  connecting  with  the  18-inch  just  mentioned.  These 
pipes  are  of  double  thickness,  in  three-foot  lengths,  and  with  three- 
inch  bells,  or  sockets.  They  were  laid  with  great  care,  and  to  make 
them  watertight,  each  joint  was  encircled  with  a  ring  of  Portland 
cement  concrete  and  mortar,  6  inches  in  thickness. 

The  flow  of  the  sludge  from  the  tanks  through  these  sludge  pipes 
to  the  well,  is  controlled  by  12-inch  Ludlow  sluice-gates  set  on  the 
inside  face  of  the  walls  of  the  tanks. 


1^.-/2-  ...>c-... /r-->l 


Plan. 
Dbtails  of  Waui  Bbackbts  at  8-Inch  Valves. 


Parallel  to  the  wall  forming  the  other  end  of  the  tanks  is  the  12- 
inch  effluent  pipe,  which  has  a  grade  of  4-10  per  cent,  to  the  outlet 
sewer.     From  this  12-inch  pipe  an  8-inch  branch  leads  to  each  tank. 
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SscnoN  Thbough  Swiybl-Joint  fob  Swinging 
Efflubnt  Pipb. 

The  flow  of  the  eflBuent  is  controlled  by  8-inch  Ludlow  valves  set 
inside  the  tanks.  Attached  to  the  valves,  by  a  swivel  joint,  are 
swinging  eflBuent  pipes  of  boiler  steel.  The  mouths  of  the  pipes 
are,  at  all  times,  kept  just  below  the  surface  of  the  water  by  means 
of  an  iron  drum  or  float. 


Elxtatiok  of  Swinging  Efflubnt  Pipbs. 
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.The  brick  building,  28  by  38  feet,  contaiDS  a  boiler  room,  chemi- 
cal room,  store  room,  and  laboratory.  A  hall  or  passage-way  runs 
entirely  through  the  building  directly  over  the  mixing  channel.  The 
boiler  room  contains  a  15  H.  P.  upright  boiler,  complete,  connected 
to  a  No.  4J  quadruple  pump  located  in  the  sludge-well  outside  the 
building.  The  chemical  room  will  contain  the  iron  chemical  vate, 
^nd  the  necessary  apparatus  for  making  solutions  of  the  chemical 
precipitants — lime  and  sulphate  of  iron. 

Owing  to  the  unfinished  work  on  the  sewer  system,  the  works  are 
not  yet  in  operation,  but  perhaps  a  brief  description  of  the  intended 
method  of  operating  them  will  be  of  interest. 
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DSTAILB  OF  SbWAOB  SoBSEN. 

The  crude  sewage  will  discharge  into  the  upper  end  of  the  mixing 
channel  just  outside  the  building.  Here  a  screen  of  flat  iron  bars 
2  inches  by  i  inch,  spaced  J  an  inch  apart,  set  in  the  channel,  will 
catch  all  the  larger  particles,  which  can  be  raked  off  and  burned 
under  the  boiler,  or  otherwise  disposed  of.  Near  the  screen,  pipes 
from  the  vats  in  the  chemical  room  will  discharge  the  precipitants 
into  the  sewage.  After  receiving  the  chemicals,  the  sewage  will 
flow  through  the  mixing  channel ;  the  chemicals  being  thoroughly 
mixed  with  the  sewage  by  the  agitation  produced  by  the  baffle- 
plates.  Prom  the  mixing  channel  the  sewage  will  flow  through  the 
first  weir  into  tank  No.  1,  through  which  it  will  pass  slowly;    theu 
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into  the  main  eiiannel,  and  into  and  through  tank  No.  2,  and  so  on 
through  all  the  tanks  and  out  into  the  outlet  sewer.  When  the  pre- 
cipitated sludge  will  render  it  necessary  to  clean  a  tank,  stop  planks 
will  be  placed  in  the  weirs  connecting  with  that  tank,  and  the  sew- 
age will  be  passed  through  the  main  channel,  by  the  tank,  and  into 
the  adjoining  one.  The  sewage  in  the  tank  to  be  cleaned  will  ihen 
be  allowed  to  rest,  in  order  that  the  precipitation  may  be  complete. 
The  8-inch  outlet  valve  will  then  be  opened,  and  the  effluent  drawn 
down  till  the  sludge  is  reached.  This  valve  will  then  be  closed,  and 
the  sludge-gate  at  the  other  end  of  the  tank  opened,  when  the 
sludge  will  flow  through  the  sludge  pipes  to  the  sludge-well,  from 
which  it  will  be  raised  by  the  pump,  and  flow  by  gravity  to  the 
sludge  beds. 

The  works,  when  completed,  will  cost  about  $19,000. 

In  conclusion,  I  ^ would  say  that  my  thanks  are  due  my  assistant 
engineer,  Mr.  C.  W.  S.  Wilson,  for  the  great  interest  he  has  taken 
in  the  work,  and  for  the  able  manner  in  which  he  superintended  the 
construction. 

DISCUSSION. 

Mr.  Olmsted. — What  is  done  with  the  sludge! 

Mb.  Wilkes. — We  mean  to  dispose  of  all  we  can  as  a  fertilizer; 
the  rest  we  may  have  to  burn^  . 

Mb.  Chandleb. — Did  the  neighbors  object  to  the  location  t 

Mb.  Wilkes. — Yes,  sir.  They  wanted  it  farther  down  in  the 
woods. 

Mb.  McELenwe. — What  is  the  calculated  capacity  of  these  tanks? 

Mb.  Wilkes. — Fifty  thousand  gallons. 

Mb.  Waddswobth. — ^Are  these  anything  more  thai^  precipitation 
tanksf 

Mb.  Wilkes. — For  precipitation  and  treatment.  We  expect  to 
treat  750,000  gallons  per  day. 

Mr.  Chai;dleb. — In  what  way  do  these  works  differ  from  the 
Worcester  works! 

Mb.  Wilkes. — "So  difference,  only  in  detail. 

Mb.  McKenzie. — Have  you  estimated  the  cost  per  million  gallons! 

Mb.  Wilkes — We  have  not  experimented  upon  the  cost  as  yet. 
We  shall  use  lime  if  it  pays. 

Mr.  Chandleb — I  want  to  thank  Mr.  Wilkes  for  illustrating  this 
pi^er  so  thoroughly. 
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FILTRATION  OF  WATER  FOR  DOMESTIC  USES 

BY  JOSEPH  B.   RIDER,  C.  E.,   OP  SO.  NORWALK,  CONN. 


The  question  of  procuring  an  adequate  supply  of  pure  and  whole- 
some water  for  domestic  and  industrial  purposes,  by  the  various 
municipalities  in  America,  is  of  increasing  moment,  more  difficult 
of  solution,  and  more  expensive  to  obtain  each  year.  Many  supplies 
that  were  in  every  way  satisfactory  some  few  years  ago  are  now  the 
cause  for  much  complaint,  the  source  of  much  trouble  and  annoy- 
ance, the  fountsdn  of  disease. 

In  some  cases  the  deterioration  can  be  directjy  traced  to  the  in- 
crease in  population  on  the  drainage  area.  In  other  instances,  to 
the  removal  of  forests  and  other  growths,  which  had  served  as  pro- 
tection to  the  water  against  the  action  of  sunlight  and  in  a  marked 
degree  retained  the  water  thus  protected  for  a  longer  period  than 
now,  before  being  discharged  into  the  storage  reservoir  or  directly 
into  the  main  conduit.  Where  it  was  a  few  years  ago  the  general 
role  to  find  such  protected  water  sheds,  it  is  now  the  exception. 
Many  instances  like  the  above  are  noticeable  and  as  stated,  not  only 
effected  the  quality  of  the  water,  but  compelled  the  construction  of 
additional  storage  reservoirs,  into  which  the  water  is  discharged  by 
rapidly  running  streams,  carrying  with  it  a  much  grater  amount  of 
dissolved  and  suspended  matter  than  was  formerly  the  case,  and  in- 
stead of  being  held  back  by  the  wooded  land  and  slowly  and  with 
nearly  uniform  velocity  percolates  into  a  small  reservoir,  the  water 
must  now  be  held  for  a  much  greater  length  of  time  in  larger  res- 
ervoirs and  exposed  constantly  to  the  action  of  the  sun  until  used. 

Perhaps  the  effect  of  cutting  off  the  forests  is  more  noticeable 
on  New  England  streams  than  elsewhere.  Certain  manufactories 
located  thereon  and  using  the  same  amount  of  power  that  they  for- 
merly did,  are  compelled  to  use  steam  power  during  the  summer 
months  or  shut  down,  while  years  ago  they  had  plenty  of  water  at 
all  times. 

Identical  conditions  govern  ground  water  supplies,  and  unless  one 
is  positive  that  the  water  is  not  reaching  the  open  or  driven  wells 
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through   water-courses  without  proper  slow  filtration,  the  supply 
should  not  be  used. 

When  a  place  can  secure  a  good  artesian  water,  free  from  objec- 
tionable mineral  matter,  it  is  very  fortunate,  for  the  removal  of 
such  vegetable  and  animal  matter  as  may  occur  in  it,  as  in  other 
waters,  is  an  easy  task. 

To  secure  a  pure  and  wholesome  water  in  this  country  will  soon  be 
as  difl&cult  as  it  is  in  many  of  the  populous  foreign  countries,  even 
now  many  cities  have  equal  difficulties  with  Berlin  to  contend  with, 
but  as  yet  they  have  not  arrived  as  near  the  solution  of  the  prob- 
lem. The  day  will  come,  however,  when  the  American  public,  as 
a  whole,  will  realize  that  it  is  better  to  pay  a  few  cents  per  capita 
per  annum  extra,  for  good,  pure  water,  and  thereby  prolong  their 
own  and  their  neighbor's  life.  They  will  be  compelled  ako  to  give 
their  state  boards  o^  health  more  power,  and  instead  of  having  them 
act,  as  is  generally  the  case  in  an  advisory  capacity,  they  should 
have  absolute  control  of  water  supplies. 

In  Germany,  as  is  well-known,  it  is  compulsory,  and  in  England 
customary,  to  filter  impounded  waters,  even  though  they  are  from  a 
healthy  source.  The  sooner  the  American  engineers,  one  and  all, 
follow  in  the  path  marked  out  by  their  foreign  brothers,  the  better 
will  be  the  health  of  our  several  communities.  In  this  country  to- 
day less  than  one-tenth  of  the  water  systems  have  a  filtration  plant 
of  any  sort,  while  at  least  nine-tenths  of  the  systems  need  and 
should  filter  their  water. 

It  is  not  the  intention  to  discuss  the  merits  and  demerits  of  any 
system  of  filtration,  for  some,  under  certain  conditions,  can  do 
what  another  could  not.  Any  municipality  in  need  of  filtration, 
should  not  be  guided  by  advertisements,  but  should  be  guided  only 
by  the  results  gathered  by  a  competent  committee,  from  actual 
investigation  of  existing  plants,  with  particular  attention  to  the 
conditions  and  peculiarities  of  each  plant,  getting  such  information 
in  regard  to  efficiency,  first  cost  and  running  expenses  as  can  be  ob- 
tained, and  compare  with  these  results  their  own  local  conditions 
and  quality  of  water,  and  in  a  general  way  understand  what  is  de- 
sired for  the  particular  needs  of  such  municipalities.  Then  con- 
sultation with  biologist,  chemist  and  an  engineer,  will,  without 
doubt,  give  enough  information  to  decide  in  favor  of  the  plan  which 
will  b©  most  efficient. 
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^The  subject  is  not  a  new  one,  for  more  than  six  hundred  years 
ago  filter  galleries  were  used  in  India.  The  Orientals  placed 
aluminous  rocks  in  their  water  jars,  and  sand  filtration  has  been  in 
use  many  years  in  England,  France  and  Germany.  Here,  in  old  New 
England,  alum  was  used  in  1846  for  clarifying  purposes;  many 
other  chemicals,  including  metallic  iron  at  Antwerp,  have  been  used 
with  success.  Aeration  and  other  methods  have  long  been  under- 
stood, and  are  now  being  used. 

The  history  of  the  subject  is  undoubtedly  familiar.  So  relating 
only  certain  facts  that  have  come  to  my  notice  in  the  construction 
and  operation  of  many  filtration  plants,  the  subject  will  be  treated 
with  as  much  detail  as  the  limits  of  a  short  article  will  permit. 

To  deHyer  a  pure  and  wholesome  water  to  the  consumer,  means 
ihskt  the  water  so  delivered  shall  be  free  from  all  disease-producing 
germs,  all  poisonous  or  objectionable  mineral. matter,  and  nearly 
free  from  all  vegetable  and  animal  matter,  micro-organisms  and 
other  life. 

Sponge,  charcoal  and  coke  breeze,  either  alone  or  combined,  have 
been  used  with  success  as  filtering  mediums,  but  the  constant  care 
and  attention  they  require  to  keep  clean  and  prevent  any  sudden 
draft  of  water  from  carrjring  the  blanket  of  sediment  through  the 
filter  and  into  the  main  conduit,  should  debar  them  from  use  in  fil- 
ters for  public  supplies.  The  metallic  iron  present  in  the  coke,  no 
doubt  is  of  material  advantage,  especially  with  turbid  waters. 

The  generally  recognized  methods  of  filtration  are :  Rapid  filtration 
under  pressure,  through  a  silicious  medium,  with  #nd  without  the 
use  of  a  coagulant  or  precipitant ;  rapid  filtration  under  moderate 
pressure,  with  and  without  the  use  of  coagulant  and  precipitant, 
commonly  called  ** gravity  filter;"  slow  filtration  under  moderate 
pressure,  without  the  use  of  coagulant,  or  precipitant,  commonly 
called  the  ** filter  bed  process;"  constant  filtration  with  continued 
aeration,  under  moderate  pressure,  also  intermittent  filtration. 

Prom  a  chemical  or  biological  standpoint,  for  the  same  area  of 
filtering  mediimi,  such  filters  as  use  a  coagulant  or  precipitant  can 
filter  at  a  more  rapid  rate  than  those  which  do  not.  The  chief  ob- 
jection to  the  use  of  alum,  sulphate  of  alumina,  per  chloride  of 
iron  or  other  coagulant,  is  that  as  yet,  no  mechanical  device  has 
been  so  perfected  that  just  the  right  amount  will  be  delivered  into 
the  water  at  all  times.     The  quality  of  the  water,  the  amount  of 
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impurities,  the  velocity  and  quantity  of  water  passing  into  the  main 
are  constantly  changing,  and  the  constant  supervision  of  the  plant 
by  a  good  chemist  is  necessary  to  insure  proper  filtration.  Again 
thiere  seems  to  be  a  tendency  to  build  the  pressure  plants  entirely 
too  small  for  the  work  required  of  them.  In  one  case  the  pressure 
that  had  to  be  maintained  at  the  pumps,  after  the  filters  were  put 
in,  was  20  per  cent,  greater  than  before,  and  the  water  required  to 
wash  the  filters,  was  nearly  one-third  of  the  total  quantity  pumped. 
In  other  words  it  cost  about  twice  as  much  to  pump  the  water  after 
the  filters  were  constructed  as  before.  In  another  instance,  in  order 
to  pass  the  water  more  rapidly  through  the  filter,  cinders  from  a 
locomotive  were  substituted  for  the  top  layer  of  quartz  sand,  and 
even  then  the  water  pressure  in  town  fell  one  day  from  80  to  20 
pounds. 

Filters  working  under  such  conditions  cannot  be  expected  to  give 
satisfaction.  Is  it  any  wonder  that  4,  5,  and  even  10  grains  of  the 
coagulant  per  gallon  of  water  has  been  found  in  the  filtrate. 

Coagulants  in  such  proportion  certainly  are  injurious  to  health, 
and  should  be  used  with  discretion. 

There  ai'e  many  plants  in  this  country  run  on  a  business  and  sci- 
entific basis,  and  when  this  is  the  case,  seldom  is  there  cause  for 
complaint. 

Under  ordinary  conditions,  sulphate  of  alumina  will  give  satisfac- 
tion, at  the  same  time  the  quantity  and  nature  of  the  chemicals  depend 
entirely  upon  the  amount  and  kind  of  impurities  to  be  removed. 
One  advantage  o(  sulphate  of  alumina  over  that  of  alum,  is  that  it 
contains  practically  no  free  sulphuric  acid.  All  natural  waters  con- 
tain more  or  less  carbonate  of  lime  in  solution,  the  sulphate  of 
alumina  being  added,  is  decomposed  by  the  lime,  and  sulphate  of 
lime  formed,  and  hydrate  of  alumina  set  free.  This  is  a  trans- 
lucent jelly,  and  as  it  forms  on  top  of  the  filter,  it  serves  to  arrest 
nearly  all  sediment,  bacteria,  or  micro-organic  life,  which  will  there 
remain  until  removed  by  the  reverse  current  or  other  method,  imless 
carried  into  the  main  conduit  by  too  great  a  pressure  on  the  surface 
of  the  filter  bed. 

At  Davenport,  Iowa,  James  P.  Donohue,  of  the  water  company, 
informs  me  that  they  use,  under  ordinary  conditions,  but  tiiree- 
eighths  of  a  grain  of  sulphate  of  alumina  per  gallon  of  water 
filtered,  and  no  trace  of  it  can  be  found  in  the  filtered  water.    An- 
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other  good  feature  of  his  plant  is  the  process  of  sterilizing  the  filter 
by  the  introductioii  of  super-heated  steam. 

Superintendent  Richards,  of  Atlanta,  6a.,  states  that  they  tried 
sulphate  of  alumina  without  success,  and  are  now,  as  fopmerly, 
using  **  Rock  Alum.''  The  filtere  at  Atlanta  work  under  a  gravity 
head  of  20  feet,  and  with  quite  turbid  water,  they  filter  at  the  rate 
of  nearly  19  gallons  per  square  foot  per  hour  when  using  one-half 
grain  of  alum  per  gallon  of  water  filtered,  and  give  a  perfectly 
clear  filtrate. 

In  order  to  remove  coloring  matter,  derived  from  peaty  material, 
sulphate  of  alumina  is  advantageously  used. 

A  properly  constructed  filter  bed,  where  the  rate  of  filtration 
through  it  is  moderate,  will  perform  the  work  of  purification  quite 
as  efficient  as  any  mechanical  plant ;  often  are  the  local  conditions 
such  that  the  first  cost  will  be  less.  The  running  expenses  will,  as 
with  a  mechanical  plant,  depend  on  the  amount  and  quality  of  the 
impurities. 

Information  in  relation  to  filter  beds,  perhaps,  cannot  be  presented 
in  more  concise  form,  than  to  quote  from  a  paper  by  the  writer,  as 
read  before  the  American  Water  Works  Association,  at  the  Minne- 
apolis convention,  in  August  last,  and  it  is  here  quoted : 

In  many  cases,  a  plain  dike  of  sand  and  gravel  has  answered  the 
purpose.  At  Waterville,  N.  Y.,  population  1,500,  the  water  at 
times  is  highly  charged  with  vegetable  matter,  and  much  clay  in 
suspension.  After  passing  through  a  dike,  it  is  made  perfectly 
clear  and  wholesome,  and  never,  to  the  best  of  my  knowledge,  has 
any  fault  been  found  with  the  water  in  that  town.  The  dike,  which 
cost  $1,500,  has  been  in  operation  since  1888.  The  cost  to  cleanse 
it  has  been  about  $20  per  year,  which,  added  to  the  interest  on  the 
investment,  would  make  the  total  cost  $80  per  year,  or  5^  cents  per 
capita. 

At  Bethel,  Conn.,  population  2,500,  the  water  was  highly  con- 
taminated with  vegetable  and  animal  matter.  Its  odor  was  very 
offensive,  in  fact  the  supply  was  so  bad  that  it  could  not  be  used  for 
drinking  purposes  or  in  the  manufacture  of  hats,  which  is  the 
largest  industry  at  Bethel.  Something  had  to  be  done,  but  bearing 
in  mind  the  injurious  effects  of  alum  on  fine  colors,  as  discovered  by 
a  Norwalk  hat  manufacturer,  it  was  decided  to  employ  some  method 
not  involving  the  use  of  chemicals.     Accordingly  there  was  de- 
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signed  for  them  a  simple  filter,  properly  underdrained,  with  a  sub- 
merged well  in  one  comer. 

The  gates  were  so  arranged  that  water  could  be  drawn  down  to 
the  bottom  of  the  filter  bed  and  the  air  allowed  to  circulate  throng 
it,  thus  one  filter  bed  was  made  to  possess  all  the  advantages  of 
intermittent  filtration,  and,  in  addition  to  the  advantages  of  nitrifi- 
cation, thus  gained  the  action  of  the  sun  in  drying  up  the  sediment 
on  top  of  the  bed,  saved  much  work  in  scraping  the  surface,  for 
after  a  few  hours'  exposure  the  sediment  pealed  up  and  dried,  and 
upon  refilling  with  water,  it  floated  ashore. 

It  was  calculated  to  and  does  filter  300,000  gallons  per  day,  at 
the  rate  of  five  gallons  per  square  foot  per  hour,  or  5,227,200  gal- 
lons per  acre  per  day.  The  total  cost  of  the  improvements,  includ- 
ing a  long  dam  for  increased  storage  capacity,  was  about  $6,000, 
but  only  $3,000  can  be  charged  as  the  cost  for  filter.  The  cost  to 
operate,  including  removal  of  sand,  is  $50  per  year,  which,  added 
to  interest  on  investment,  makes  $170  per  year,  or  6^  per  capita 
as  total  cost  for  supplying  Bethel  with  pure  water. 

Analysis  shows  that  94  per  cent,  of  the  organic  matter  is  re- 
moved by  filtration.  The  lowest  estimate  we  had  for  a  filter  using 
alum  was,  first  cost,  $3,200,  and  the  running  expenses  estimated  at 
$1.85  per  day,  of  which  60  cents  was  for  alum  and  $1.25  was  for 
attendant.  It  will  be  seen  that  this,  added  to  the  interest  on  invest- 
ment, would  have  made  a  total  of  $803.25  per  annum,  therefore 
Bethel  has  saved  each  year  since  1890  $633.25,  or  over  25  cents  per 
capita  per  annum  in  using  the  filter  bed  instead  of  the  che^^)est 
mechanical  filter  offered. 

At  Nantucket,  Mass.,  in  1892,  a  filter  bed  similar  in  printiple  to 
that  of  Bethel,  with  minor  additions,  was  constructedi  The  water 
supply  here  is  taken  from  a  pond  with  no  visible  inlet  or  outlet,  and 
the  water  seems  to  percolate  into  it  from  the  sandy  territory  sur- 
rounding it.  About  every  other  year  they  are  troubled  with  vege- 
table growth  for  about  three  months,  generally  in  August,  Septem- 
ber and  October. 

The  following  elaborate  analysis  was  taken  on  August  14,  1894, 
for  the  Massachusetts  State  Board  of  Health  in  an  investigation  : 

Turbidity  of  unfiltered  water,  decided  green;  of  filtered  water, 
none  3  sediment,  unfiltered,  very  rusty ;  filtered,  none ;  color,  un- 
filtered, 0.70,  filtered,  0.15;   odor  of  unfiltered  water,  when  cold, 
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distinctly  disagreeable  and  flat,  and  very  family  disagreeable  next 
day ;  when  hot,  distinctly  vegetable,  and  next  day  faintly  vegeta- 
ble} residue  on  evaporation,  nnfiltered,  total  7.2,  filtered,  6.5;  loss 
on  ignition,  2.25  filtered;  fixed  residue,  4.95.  Free  ammonia,  nn- 
filtered, .0110 ;  filtered,  none ;  albummoid,  ammonia,  total  in  nn- 
filtered, .0526;  filtered,  .0168;  in  solution,  unfiltered,  .0272; 
filtered,  none;-  in  suspension,  unfiltered,  .0254;  filtered,  none. 

Filter  reduced  chlorine  from  2.04  to  1.98,  hardness,  0.1  and  iron 
from  .12  to  .0125.  Nitrogen  as  nitrites  or  nitrates,  was  absent  in 
both  waters. 

Microscopical  examination,  number  of  organisms  per  100  cu. 
centinieters : 

Nsme. 
Diatomacae. 

Gjolote  11a 

Anabaena 

Clathrocjstis 

Anabaena  spores 

Pandorine 

Sceoedesmis 

Stanrastmm 

Crenoihriz.    . 

Zodgloea 

Eu^ena . .  .• 

Monas * .    . . 

Peridinium 

Anorea 

Polyarthre . 

OUier  organisms  


Pond 

Filtered 

water. 

water. 

200 

None 

216.000 

3,600 

600 

None 

6,400 

None 

1,000 

1.000 

400 

None 

200 

None 

5,600 

None 

1.440 

150 

200 

None 

400 

None 

200 

None 

400 

None 

200 

None 

208 

None 

It  will  be  noticed  from  the  above  analysis  first,  that  68  per  cent, 
of  the  organic  matter  as  represented  by  the  albuminoid  ammonia 
was  removed ;  that  13  out  of  16  genera  present  were  filtered  out, 
that  crenothrix  and  anabaena  spores  were  absent  in  the  filtered 
water,  while  out  of  a  total  of  216,000  anabaena  per  100  cubic  cen- 
timeters but  3,600  remained,  or  99J  per  cent,  were  removed.  The 
iron  was  ireduced  ^  but  this  is  probably  because  the  organisms  re- 
moved contained  much  iron,  though  aeration  no  doubt  had  consider- 
able effect.  If  we  except  September  22,  when  for  some  unaccount- 
able reason  the  organisms,  if  the  analyst  did  not  make  a  mistake, 
reinainihg  in  the  filtered  water  were  the  same  as  in  the  unfiltered. 
An  average  of  96  per  cent,  of  the  micro-organisms  were  removed 
during  the  season  of  three  months.  , 
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The  average  amount  of  organic  matter  removed  as  represented 
by  the  albuminoid  ammonia  was  65  per  cent. 

One  strange  thing  at  Nantucket  was  that  occasionally  an  odor 
could  be  noticed  in  the  filtered  water.  It  was  observed,  however, 
that  as  tKe  aeration  was  increased  and  the  temperature  reduced  it 
became  much  fainter.  It  is  the  intention  to  carry  out  the  original 
plans  to  the  letter  this  season,  and  first  to  construct  a  submerged 
well,  so  that  the  filtered  water  can  be  protected  from  heat  and  light 
and  second,  to  cover  the  stand  pipe  so  that  it  will  be  light  proof, 
and  third,  to  take  the  air  from  an  adjacent  ice  house  instead  of  from 
the  hot  engine  room  as  at  present.  Total  cost  of  the  plant  was 
$4,500  and  it  cost  $90  per  annum  to  operate,  or,  including  interest 
on  investment,  an  annual  expense  per  capita  of  7^.  The  sand  used 
would  pass  40,000,000  gallons  per  day  through  one  foot  under  one 
foot  head. 

At  Lawrence,  Mass.,  a  filter  bed 2^  acres  in  area  is  in  successful 
operation.  In  its  design  the  engineer  has  shown  considerable  inge- 
nuity and  careful  study.  It  is  designed  to  filter  at  the  rate  of  2,000,- 
000  gallons  per  acre  per  day.  The  finest  sand  used  will  allow  50,- 
000,000  gallons  per  acre  to  pass  through  one  foot  of  it,  under  one 
foot  head.  It  has  successfully  removed  when  working  at  above  rate, 
98y^  per  cent,  of  all  bacteria,  and  though  it  has  been  in  operation 
only  since  September  20,  1893,  the  marked  decrease  in  deaths  from 
typhoid  fever  from  a  total  of  43  for  eight  months  in  past  years  to  17 
for  the  present  shows  how  near  perfect  the  filter  must  operate,  es- 
pecially when  it  has  been  shown  that  nine  out  of  the  17  that  died 
had  frequently  drank  of  the  unfiltered  water.  The  death  rate  from 
typhoid  fever  was  in  reality  therefore  reduced  nearly  82  per  cent, 
while  the  organic  matters  as  represented  by  the  albuminoid  am- 
monia, of  which  15  or  20  per  cent,  is  in  suspension,  was  reduced 
45  per  cent. 

It  cost  about  $75,000,  but  had  other  than  home  labor  at  $2  per 
day  been  employed  in  its  construction,  its  cost  would  not  have  ex- 
ceeded $50,000. 

The  total  cost  of  maintenance  as  estimated  by  Superintendent 
Salisbury,  is  as  follows : 

Interest  on  $75,000  at  4  per  cent.,  $3,000 ;  cost  for  cleaning  bed 
and  replacing  sand,  $3,000;  total,  $6,000,  or  12  cents  per  capita 
per  annum. 
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The  superintendent  states  that  to  provide  for  a  7,000,000  gallon 
mechanical  filtration  plant,  a  filter  company  wanted  about  $60,000, 
but  assuming  they  could  get  one  at  the  low  price  of  $6,000  per 
million  gallons,  or  a  5,000,000  plant  for  $30,000,  the  interest  on 
which  would  be  $1,200  per  annum,  which  added  to  the  cost  for  co- 
agulant and  attention,  to  say  nothing  of  the  water  necessary  for 
cleansing  a  5,000,000  battery,  would  certainly  make  the  cost  for 
running  a  mechanical  filter  plant  at  Lawrence  as  much  as  it  now 
•costs  the  city.  . 

The  above  facts  have  been  cited,  not  for  the  purpose  of  showing 
th^t  th^  filter  beds  are  in  all  cases  cheaper  than  mechanical  plaqts, 
for  they  arernot  5  again,  many  are  the  conditions  where  a  mechani- 
cal filter  oould  be  used  and  a  filter  be^  could  not. 

•Que  thing  is  certain^  that  today  mtoy  filter  beds  in  America  are 
giving  far  better  results  than  the  old  ones  of  Europe  ;  ako  that  a 
filter  bed  properly  cared  for,  as  at  Lawrence,  Nantucket,  ^thel 
and  other  places,  ceases  to  act  entirely  as  a  strainer,  but,  by  the  ad- 
mission of  air,  by  the  drawing  down^of  the  water  to  beneath  the 
bed,  chemical  action  takes  place,  and.as  Mr.  Mills,  chairman  of  the 
state  board  of  health  of  Massachusetts,  says  in  his  report  on  the 
Lawretice  filter : 

'*  There  is  nearly  enough  air  in  our  drinking  waters  to  supply  the 
oxygen  which  is  necessary- to  carry  on  the  process  of  nitrification 
when' the  water  comes  in  contact  with  the  grains  of  sand  which 
have  nitrifying  bacteria  adherent,  but  the  condition  of  the  air 
which  enters  the  sand  by  drawing  the  water  out  of  it  once  a  day 
caused  a  more  complete  burning  up  of  organic  matter  in  the  water, 
which  is  the  nitrifying  process  spoken  of. 

**  The  question  may  arise,  if  water  contains  so  much  air  why  does 
not  nitrification  take  place  in  a  reservoir?  The  reason  is  that  nitri- 
ficati(Hi  will  not  take  place  unless  the  water,  witli  the  air,  comes  in 
contact  with  certain  bacteria,  which  in  some  unknown  way  cause 
the  process  to  be  carried  on.  These  bacteria  attach  themselves  to 
the  grains  of  sand  of  the  filter  and  remain  there,  and  when  air  is 
present  they  can,  in  a  short  time,  cause  the  nitrifying  process  to  be 
carried  on  so  completely  that  nearly  all  the  organic  matter  in  the 
water  is  burnt  up,  and  with  this  burning  the  disease  germs  in  the 
water  are  killed." 

Recent  investigation  has  proven  beyond  question  that  where  a 
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filter  bed  is  not  forced  to  filter  beyond  more  than,  say,  eight  to  ten 
million  gallons  per  acre  per  day,  that  most  micro-organisms  are  re- 
tained in  the  upper  portion  of  the  bed  and  do  not  pass  down  into  it. 

The  filter  at  Lawrence  and  the  one  at  Nantucket  will  be  watehed 
with  interest,  for  at  Lawrence  the  first  attempt  te  remove  disease- 
producing  germs,  and  at  Nantucket,  the  first  attempt  to  remove 
large  numbers  of  algae,  has  been  hiade  on  a  large  scale  by  the 
methods  there  adopted. 

In  the  filtration  of  water  containing  sewage,  it  must  be  remem- 
bered that  there  is  probably  a  deficiency  in  oxygen,  as  sewage  con- 
tains no  free  oxygen,  it  therefore  must  be  supplied  to  the  aerobic 
bacteria,  which  aid  in  the  purification,  when  such  is  the  case,  inter- 
mittent filtration  is  preferable,  though  constant  filtration  with  con- 
tinued aeration  will  accomplish  the  desired  result. 

When  one  stops  to  consider  the  remarkable  results  that  have  been 
obtained  for  reasonable  cost,  it  seems  strange  to  think  that  some  of 
the  contaminated  waters  in  general  use  are  not  filtered.  The  old 
and  familiar  story  of  the  epidemic  of  typhoid  at  Hamburg  will 
ever  be  a  lesson  to  municipalities.  Altona,  on  the  other  hand,  adja- 
cent to  Hamburg,  and  using  practically  the  same  water,  but  after 
filtration  through  sand  beds,  was  free  from  the  disease. 

Water  can  be  properly  filtered  for  from  $5  to  $10  per  1,000,000 
gallons,  or  from  5  to  15  cents  per  capita  per  annum,  and  why  some 
places  that  have  a  splendid  income  from  the  sale  of  water  do  not 
provide  that  which  is  pure,  it  seems  incapable  of  comprehension. 
One  place,  where  the  income  per  annum,  net,  is  nearly  $23,000, 
and  the  works  cost  $206,000,  provide  the  people  during  the  summer 
months  with  a  water  very  highly  charged  with  vegetable  and  animal 
life. 

The  purification  of  sewage  does  not  come  imder  the  title  of  this 
article,  except  so  far  as  its  relates  to  water  supplies.  The  proper 
way  for  a  municipality  to  do,  is  to  purify  the  sewage  before  enter- 
ing a  stream,  rather  than  have  the  city  below  them  take  it  out  of 
their  water  supply,  as  is  the  case  at  Lawrence,  Mass.  Albany, 
until  recently,  was  not  content  with  drinking  the  sewage  of  Troy, 
Oohoes,  and  places  in  the  Mohawk  valley,  but  kept  her  intake  so 
far  down  the  Hudson,  that  she  could  use  her  own.  It  can  be  said, 
in  general  terms,  that  sewage  .  can  be  purified  by  chemical  means 
for  $40  per  million  gallons,  for  this  cost,  about  50  per  cent,  of  the 
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organic  matter,  as  represented  by  the  albuminoid  ammonia,  can  be 
removed.  About  twice  this  efficiency  can  be  eflfected  for  one-half 
the  cost,  under  ordinary  conditions,  by  means  of  filtration  or  irriga- 
tion. The  importance  of  keeping  all  waters  pure,  was  recently 
demonstrated  by  the  loss  of  several  lives  through  typhoid  fever, 
occasioned  by  eating  oysters,  which  had  secluded  the  germs  of  typhoid 
discharged  from  a  sewer.  The  River  Seine,  below  Paris,  contains 
4,500,000  bacteria  per  cu.  centimeter  the  sewage  of  the  city,  as  de- 
livered to  the  filter  beds,  about  14,000,000  per  cu.  centimeter  the 
effluent  from  the  filter  beds,  but  an  average  of  3,500  per  cu.  centi- 
meter, and  very  seldom  above  8,000  per  cu.  centimeter.  The 
effluent  is  frequently  drunk  in  preference  to  the  river  or  other 
water  at  hand. 

In  conclusion,  pure  water  is  easily  obtained  and  is  just  "as  import- 
ant quite  as  pure  food.  It  is  to  be  hoped  that  municipalities  and 
private  companies  will,  one  and  all,  soon  be  supplying,  not  that 
which  they  ought  not  to  deliver,  but  pure  and  wholesome  water,  fit 
for  domestic  use,  and  when  its  quality  is  such  that  it  wiU  satisfy 
this  use,  it  will  answer  for  all  purposes. 
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ELECTRIC  RAILWAYS. 

BY  WILLIAM  G.  SMITH,  WATERBURY,  CONN. 


The  Hectric  Railway  is  an  intensely  interesting  object,  both  to 
the  professional  man  directly  concerned,  and  to  the  public  at  large. 
Electricity,  its  power,  is  one  of  those  mysterious  forces  of  nature, 
like  the  law  of  gravitation,  which  we  know  little  about,  and  for  that 
reason  it  is  ascribed  with  powers  which  it  probably  does  not  possess. 

The  history  of  the  electric  railway  may  be  comprised  within  the 
last  12  years  or  even  less  and  presents  many  curious  features.  The 
principal  discoveries  in  electricity  from  which  have  developed  the 
railway  have  extended  over  a  long  period  of  time  worked  out  by 
many  minds  independently  of  each  other,  each  discovery  succeeded 
by  a  long  period  of  inactivity. 

Since  the  invention  of  the  dynamo  and  the  discovery  of  the  great 
principal  of  its  reversibility,  electricity  has  made  wonderful  prog- 
ress into  popular  favor,  hardly  a  town  or  city  in  the  United  States 
of  any  size,  but  has  its  electric  light  plant. 

There  are  several  systems  of  electric  railways,  difEering  princi- 
pally in  the  method  of  transmitting  the  electricity  to  the  cars  and 
motors  and  its  return  to  the  station.  The  storage  battery  system 
presents  an  ideal  method,  with  each  car  independent  of  the  other, 
and  with  streets  free  from  poles  or  overhead  wires;  but  when  tested 
by  a  series  of  practical  and  exhaustive  trials,  has  not  fulfilled  the 
expectations  of  its  warmest  advocates,  and  commercially  has  not 
proved  a  success. 

The  third-rail  system  and  conduit  method  of  supplying  power, 
have  been  tried  over  and  over,  but  climatic  conditions  and  difficulty 
of  insulation,  have  given  most  discouraging  results. 

More  than  ninety  per  cent,  of  the  electric  railways  of  this 
country  are  constructed  on  the  trolley  system,  so-called.  This 
system,  or  method  of  power  distribution,  up  to  the  present  time, 
has  pi'oved,  superior  electrically  and  commercially,  to  all  others, 
and  for  the  purpose  of  this  paper,  it  will  be  confined  to  this  system. 
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The  electric  railway,  in  this  country,  while  passing  through  its 
experimental,  and  toy  period,  participated  in  by  Field,  Ellison, 
Van  Depoele,  Daft,  Sprague  and  others,  passed  to  a  more  complete 
stage  at  the  installation  of  the  Union  Passenger  Railway  of  Rich- 
mond, Va.,  in  the  spring  of  1888. 

This  was  the  first  installation  of  any  magnitude  in  this  country, 
and  was  successfully  accomplished  by  Mr.  Sprague,  about  13  miles 
of  line  were  equipped,  and  operated  with  about  20  cars.  The 
road  underwent  many  vicissitudes,  owing  to  inexperience  and  the 
crude  nature  of  materials,  but  a  fund  of  experience  and  informa- 
tion was  obtained,  which  has  given  an  impetus  to  electric  traction, 
which  is  the  wonder  of  this  progressive  nineteenth  century 

The  first  electric  railway  in  this  state  was  installed  in  the  summer 
of  1886,  in  the  town  of  Derby,  about  3  miles  in  length,  connect- 
ing the  boroughs  of  Birmingham  and  Ansonia.  The  road  was  con- 
structed under  the  patents  and  direction  of  Mr.  C.  J.  Van  Depoele, 
of  Chicago. 

The  road  furnishes  an  excellent  illustration  of  the  rapid  develop- 
ment of  electricity  as  a  motive  power,  for  within  two  years  after 
opening,  its  appliances  were  out  of  date.  The  first  section  of 
track  was  constructed  after  the  well-known  plan  of  horse  railway, 
wood  stringers  laid  on  cross-ties  at  intervals  of  five  feet  and  secured 
to  them  by  cast-iron  knee-braces  spiked  to  stringers  and  ties.  The 
rails  used  were  side-bearing  flat  rails,  laid  on  top  of  stringers,  and 
secured  to  them  by  spikes.  The  rails  were  connected  electrically 
by  pieces  of  sheet  copper  laid  on  stringers,  and  held  in  position  by 
end  spikes  in  rails.  This  was  subsequently  replaced  by  drilling 
holes  in  the  rails  and  inserting  drift-pins  connected  by  wire.  About 
this  time  the  girder-rail  was  placed  on  the  market,  and  was 
adopted  for  the  remaining  construction.  The  motors  were  the 
Van  Depoele  type,  and  placed  on  the  forward  platform  and  con- 
nected to  the  axle  of  the  car  by  sprocket  chain  and  wheel,  requir- 
ing turntables  at  terminals  of  line.  This  road  has  been  greatly 
improved  since  its  inception.  The  motors  have  been  changed  to 
Sprague  motors,  and  placed  beneath  the  car,  the  track  has  been 
carefully  rebonded  and  station  plant  renewed.  At  the  opening  of 
the  road,  the  telephones  and  electric  clocks  adjoining  the  line  were 
rendered  useless. 
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This  road  was  among  the  first  constructed  in  this  country.  At 
this  time  there  were  not  over  a  dozen  roads  in  operation  with  about 
100  cars.  From  this  time  (1886),  they  have  sprung  into  existence 
with  such  rapidity  as  to  defy  enumeration.  It  was  recently  stated 
in  the  Electrical  Beview  that  at  the  present  time  (1895),  there  were 
850  electric  railways  in  the  United  States,  operating  over  9,000 
miles  of  track  and  23,000  cai'S,  and  representing  a  capital  invest- 
ment of  over  $400,000,000. 

The  trolley  system  may  be  described  under  the  following  general 
heads,  Power  Station,  Line,  Track,  Cars. 

The  power  station  should  be  located  as  near  the  centre  of  opera- 
tions as  possible,  near  a  steam  railroad  and  have  ample  water  sup- 
ply. The  prime  mover  of  the  Electric  Railway,  as  in  nearly  all  me- 
chanical movements,  is  the  steam  engine.  The  power  required  to 
operate  the  cars  is  subject  to  sudden  and  violent  changes.  In  a  case 
reported  to  the  writer  by  an  engineer  in  charge  of  a  275  horse  power 
Corliss  engine,  used  for  railway  service  only,  he  stated  that  he  had 
observed  the  Am-meter  at  0,  and  before  he  could  turn  around  it 
would  indicate  an  output  of  250  horse  power.  These  changes  are 
due  to  the  simultaneous  starting  of  cars,  also  to  grades  and  curves 
in  track.  These  violent  changes  of  power,  explain  in  a  measure 
why  no  electric  railway  has  been  successfully  operated  by  hydraulic 
power  as  the  prime  mover.  The  prime  mover  to  respond  to  such 
changes  of  power  must  be  as  nearly  automatic  in  operation  as  pos- 
sible to  attain.  With  a  road  intending  to  operate  not  exceeding  ten 
cars,  where  the  grades  are  known,  and  probable  interval  of  time 
between  cars,  with  no  extensions  contemplated,  the  power  required 
may  be  calculated  with  a  reasonable  degree  of  certainty.  Under 
these  conditions,  experience  has  demonstrated  that  a  type  of  high 
speed  engine,  constructed  for  this  service,  should  be  used,  belted 
directly  to  the  dynamo.  With  power  stations  furnishing  electric 
light  as  well  as  power  for  operating  ten  to  twenty  cars,  the  effect  of 
starting  cars,  or  of  some  of  them  running  on  grades  and  curves  is 
of  less  importance.  With  these  conditions  a  type  of  slow  speed, 
compound  condensing  engines  should  be  used,  belted  to  a  counter- 
shaft, from  which  are  belted  the  electric  light  and  railroad  dy- 
namos. Experience  has  demonstrated  that  greater  economy  will  be 
attained  by  over-loading  the  engines  for  short  periods  than  by 
habitually  under-loading,  also  that  dynamos  should  be  under-loaded 
at  all  times. 
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About  10  per  cent,  of  the  indicated  horse  power  of  the  engine  is 
consumed  in  internal  friction.  The  dynamo  should  be  of  sufficient 
capacity  to  generate  and  maintain  a  pressure  of  500  volts ;  this  pres- 
sure is  the  usual  one  adopted  for  railway  service,  mainly  for  considera- 
tions of  economy  of  copper,  and  facility  of  insulation.  The  writer 
has  yet  to  hear  of  a  single  person  who  has  been  killed  or  seriously 
injured  by  the  shock  due  to  a  500  volt  current.  The  electrical 
energy  given  out  by  the  dynamo  is  about  90  per  cent,  of  the  power 
applied ;  suitable  conductors  convey  this  pressure  through  regula- 
ting devices  to  the  trolley  wire  or  line.  The  line  includes  the 
trolley  wire,  poles,  cross-suspension  wires,  feed  wires,  switches, 
lightning  arresters  and  all  appliances  used  in  distributing  and  regu- 
lating the  power  in  the  trolley  wire.  The  trolley  wire  is  copper  and 
generally  of  No.  0  (B.  &  S.  gauge).  The  wire  is  suspended  over 
center  of  track,  from  16  to  18  feet  above  rails ;  over  steam  railroad 
crossings  it  should  not  be  less  than  22  feet  above  rails.  The  trolley 
wire  is  suspended  from  cross-suspension  wires  by  a  span-wire  clamp. 
The  poles  are  generally  set  one  on  each  side  of  street,  when  track 
is  in  center  of  street,  and  in  straight  lines  about  125  feet  apart. 
The  trolley  wire  is  usually  continuous  and  uniform  diameter,  as  the 
power  to  operate  the  same  car  is  constantly  changing  with  position 
of  car  it  becomes  necessary  to  supplement  the  trolley  wire  by  f  eedei 
wires.  These  are  usually  strung  on  cross  arms  on  the  line  poles, 
and  of  uniform  diameter,  connected  to  trolley  wire  at  intervals  of 
500  or  600  feet,  or  the  trolley  wire  is  insulated  in  sections  and  con- 
nected to  a  uniform  feed  wire,  or  the  trolley  wire  be  uniform  and 
connected  at  intervals  by  independent  feeders,  direct  from  the  sta- 
tion, or  the  trolley  wire  insulated  in  sections,  each  section  connected 
by  one  or  more  feeders  direct  with  station.  It  is  plain,  from  the 
several  methods  mentioned,  that  the  size  of  feed  wires  may  be  so 
calculated  as  to  give  uniform  pressure  under  assumed  conditions  of 
load.  Sections  of  roads,  where  suburban  traffic  enters  a  city,  con- 
centrating a  large  number  of  cars  on  one  line,  should  be  treated  by 
insulating  that  section  of  trolley  wire  and  connecting  by  a  special 
feed  wire  from  the  station.  The  feed  wires  should  be  so  calculated 
that  the  drop  in  the  potential  of  the  line  should  not  exceed  10  per 
cent.  The  efficiency  of  the  line  for  transmission  of  power  is  esti- 
mated at  about  95  per  cent,  when  well  constructed. 
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The  caloulatioiis  for  distribution  of  copper  in  the  trolley  and  feed 
wires  are  made  from  three  fundamental  units.  The  ampere,  is  a 
standard  unit  for  measuring  current,  and  which  is  such  a  current 
as  would  pass  with  an  electromotive  force  of  one  volt  through  a  cir- 
cuit whose  resistance  is  equal  to  one  ohm. 

The  ohm  is  the  standard  unit  for  measuring  resistance,  and  is  the 
resistance  of  a  column  of  mercury  106^  centimeters  in  length  and 
one  square  millimeter  area  of  cross-section  at  0  degrees  Centigrade. 

The  volt  is  the  standard  unit  for  measuring  electromotive  force, 
and  is  the  pressure  required  to  send  a  current  of  one  ampere 
through  a  circuit  with  a  resistance  of  one  ohm.  The  rate  of  flow  is 
directly  proportional  to  the  pressure  or  voltage  and  inversely  as  the 
resistance,  and  may  be  expressed  algebraically  thus :  C  =  « .  This 
is  known  as  Ohm's  law,  in  which  C  is  current,  E  electromotive 
force,  B  resistance,  and  derives  its  name  from  the  German  electri- 
cian, who  made  the  first  demonstration. 

Qiven  the  length,  diameter,  the  material  of  the  wire,  or  its  resist- 
ance R,  and  the  rate  of  flow  C,  to  find  the  pressure,  we  have 
E  =  RC. 

Given  the  resistance  R,  and  the  pressure  or  electromotive  force 
E,  to  find  the  rate  of  flow  C,  we  have  C  =  r  . 

Given  the  rate  of  flow  C  and  the  pressure  E  to  find  the  resistance 
R,  we  have  R=  y. 

Nearly  every  class  of  problems  involved  in  the  use  of  electricity 
may  be  solved  by  the  aid  of  Ohm's  law. 

The  area  of  the  cross-section  of  wires  is  often  expressed  in  circu- 
lar mils.  A  mil  is  y^jVtt  ^^  ^^  inch.  The  area  of  a  circle,  one  mil 
in  diameter,  is  termed  a  circular  mil.  Rules  for  calculating  the 
sizes  of  wires  for  given  resistances  are  often  based  on  circular  mils, 
and  contain  a  constant  for  the  conductivity  of  copper.  A  commer- 
cial copper  wire,  one  mil  in  diameter  and  one  foot  long,  has  a  resist- 
ance of  10-79  ohms  at  75°  P.  The  resistance  of  a  copper  wire  is 
equal  to  its  length  multiplied  by  10-79  and  divided  by  the  cross- 
section  in  circular  mils.  The  circular  mils  in  a  number  0  wire,  dia- 
meter .32486",  American  gauge,  is  105534,  with  a  wire  four  miles 
long  the  resistance  would  be  2.15  ohms,  the  current  obtained,  with 
a  pressure  of  500  volts,  would  be,  by  Ohm's  law  C  =  |  =^f  J  =r  233 
amperes.  In  practice  allowance  should  be  made  for  drop  in  the 
potential  of  the  line,  and  contingencies. 
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The  car  house  and  repair  shop  for  an  electric  railway  differ  in  plan 
and  location  as  the  road  is  a  large  or  small  one;  for  reasons  of 
economy  these  may  be  located  on  a  surburban  line  where  land  is  of 
less  value.  The  car  house  should  have  pits  under  each  track  from  4  to 
6  feet  in  depth  for  convenience  in  inspecting  the  trucks  and  motors. 
The  -repair  shop  should  also  have  pits  under  one  or  more  tracks 
to  facilitate  making  small  repairs,  also  hoisting  apparatus  for  raising 
a  car  body  rapidly  and  safely  to  an  elevation  to  allow  the  truck  to  be 
run  from  under  car  and  replaced.  Hoisting  machinery,  run  by 
electric  power,  should  be  provided  for  raising  motors  from  truck 
frames,  also  such  parts  of  motors  too  heavy  to  raise  by  hand.  Time 
is  a  large  element  in  the  inspection  and  cleaning  of  motors,  especially 
so  when  from  25  to  30  per  cent,  of  the  cars  in  operation  are  in  ihe 
shop.  A  turn  table  should  be  provided  for  reversing  the  cars  to  pre- 
vent unequal  wear  of  the  wheel  flanges. 

The  electric  railway  has  stimulated  the  building  of  cars  that  rival 
in  appearance,  and  elegance  of  appointments,  those  of  the  steam 
roads  and  with  vestibuled  ends  the  motor  man  operates  the  car  with 
comfort  in  all  weather. 

The  speed  of  cars  is  often  limited  by  city  ordinances,  as  in  Water- 
bury,  where  the  speed  allowed  is  8  miles  per  hour  within  the  city 
limits.  On  extensions  of  line  into  suburban  teritory,  the  operating 
conditions  may  be  entirely  changed  by  reason  of  the  road  changing 
its  location  from  highway  to  its  own  right  of  way. 

The  power  required  to  propel  cars  is  subject  to  extraordinary 
changes.  Through  the  kindness  of  the  Waterbury  Traction  Com- 
pany the  writer  was  allowed  to  conduct  experiments  with  their  cars, 
which  show  clearly  the  cause  of  these  changes.  The  experiments 
were  conducted  on  level  track.  One  closed  car  equipped  with  one 
single  reduction  motor  of  50  horse-power,  made  by  the  Spring 
Electric  Railway  Company,  car  complete,  weighing  6^  net  tons. 
One  open  car  equipped  with  two  twenty-five  horse-power  motors, 
one  on  each  axle,  made  by  the  General  Electric  Company,  car  com- 
plete, weighing  5J  tons.  The  voltage  or  pressure  on  the  line  before 
starting  car,  was  found,  by  volt- meter,  to  be  548.  At  starting  of 
closed  car  the  voltage  dropped  to  520,  and  the  current  consumed 
was  found  by  am-meter  to  be  53  amperes,  showing  37  electrical 
horse-power  required. 

At  starting  of  open  -car,  the  voltage  dropped  to  520,  and  the 
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current  consumed,  60  amperes,  the  electrical  horse-power  41^, 
showing  the  single  motor  to  have  an  electrical  efficiency  of  lyW 
horse-power  per  ton  of  car  over  the  two-motor  equipment.  To 
start  closed  car  on  a  curve  of  40  feet  radius,  the  voltage  dropped 
to 508;  the  current  consumed,  90 amperes;  electrical  horse-power, 

61.  . 

The  average  of  several  trials  with  a  dynamometer,  show  the  co- 
efficient of  traction  to  be  33  pounds  per  ton,  to  keep  the  car  barely  in 
motion. 

The  two  motors  were  in  series.  Experiments  were  conducted  to 
ascertain  if  the  two  motors  worked  together.  A  series  of  trials,  by 
cutting  out  first  one  motor  and  then  the  other,  and  starting  car, 
gave  3  amperes  as  the  difEerence,  or  2j^  electrical  horse-power. 
The  power  required  to  propel  the  cars  at  any  desired  speed,  on  a 
level  track,  is  ascertained  by  multiplying  the  rate  of  speed  in  feet 
per  minute  by  the  resistance  in  pounds  per  ton  of  car  and  dividing 
by  33,000.  On  grades,  the  rise  per  minute  in  feet  by  the  total 
weight  of  car  and  load  in  pounds,  divided  by  33,000.  To  illustrate, 
on  level  track  the  coefficient  of  traction,  as  previously  stated,  is  33 
pounds  per  ton*  of  car  and  load.  A  speed  of  8  miles  per  hour 
would  be  704  feet  per  minute,  the  car  and  load  weighing  15  tons, 
33xl5=495x704=348,480-r-33,000=10y\  horse-power  required. 
On  a  grade  of  6  per  cent,  the  power  required  would  be,  at  same 
speed,  42^0^  feet  rise  per  minute,  by  weight  of  car  and  load  in 
pounds,  30,000x42.24=l,267,200-^33,000=38y\  horse-power. 

This  is  the  power  actually  required  at  the  axles.  The  current 
from  the  trolley  wire  is  transmitted  to  the  motors  under  the  car  by 
a  trolley  pole  trailing  from  top  of  car,  and  held  in  position  by  spiral 
springs  at  its  base,  from  base  of  pole  wires  are  run  over  top  of 
car  through  switches  to  the  corner  posts,  through  corner  posts  to 
motors,  and  the  several  devices  for  protecting  motors  against  light- 
ning, and  accessive  current,  at  low  pressure.  After  doing  its  work, 
the  current  passes  from  motor  through  wheels  to  track,  and  through 
track  to  power  station,  completing  the  circuit. 

There  are  several  ty])es  of  motors  used  for  propelling  cars,  theii" 
position  under  the  car  floor  is  an  exceedingly  trying  one,  exposed 
to  dirt  and  foreign  objects  that  may  cause  immediate  destruction. 
The  motors  are  generally  placed  on  axle  of  car,  with  part  of  their 
weight  supported  on  the  truck  frame.     In  the  gearless  motors  the 
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armature  is  keyed  directly  to  the  axle,  and  the  whole  weight  of 
motor  and  housing  are  on  the  axle.  With  grades  less  than  three 
per  cent.,  a  single  pair  of  wheels  will  have  sufficient  adhesion,  with 
steeper  grades,  the  required  adhesion  is  obtained  by  placing  a  motor 
on  each  axle.  With  two  motors,  a  loss  of  power  occurs  from  the 
independent  working  of  the  motors.  On  the  last  electric  railway, 
with  which  the  writer  was  connected,  the  Waterbury  Traction  Com- 
pany, a  large  single  reduction  motor  of  50  horse-power  was  used 
for  each  car.  This  motor  was  made  by  the  Sperry  Hectric  Railway 
Company,  and  electncally,  it  is  superior  to  a  two-motor  equipment 
The  0([uipment  consists  of  one  motot,  the  armature  shaft  of  which 
is  parallel  with  and  on  the  center  line  of  track.  The  motor  is  elas- 
tically  8uppoi*ted  on  suitable  springs  from  the  side  bars  of  the  truck 
frame.  Motion  is  given  the  axles  through  bevel  pinions  and  gears,  a 
universal  coupling  transmitting  the  armature  tongue  to  the  pinion 
shafts.  By  the  use  of  this  coupling  the  axles  and  all  the  connected 
parts  are  allowed  all  the  play  permitted  by  the  truck- maker,  without 
interfering  with  the  transmission  of  power  from  the  motor.  In 
connection  with  this  motor,  there  is  used  an  electrjc  power-brake, 
which  will  give  a  railroad  man  surprise  and  pleasure,  to  see  how 
quickly  a  car  may  be  brought  to  a  stop.  The  power  required  i^ 
not  taken  from  the  trolley  wire,  but  is  produced  by  the  power  of 
the  moving  car.  The  following  illustrations,  with  a  general  descrip- 
tion, show  one  wheel  of  each  axle,  cast  solid,  at  diagonally  opposite 
Cornells  in  truck  frame,  the  inner  face  planed  to  a  surface;  against 
this  surface  is  pla<*ed  a  nearly  circular  magnet,  suppoi'ted  on  the 
truck  frame,  and  so  adjusted  that  when  released,  the  action  of 
gravity  draws  it  from  the  wheel.  The  motorman,  in  operating  the 
brake,  turns  the  controller  handle  to  the  position  for  operating 
brake,  the  current  from  motor  passes  into  magnet,  the  magnet  is 
attracted  to  wheel  with  such  force,  that  a  (^ar  running  at  the  rate 
of  ten  miles  per  hour  may  be  stopped  within  its  length. 

The  controller  handle,  by  which  the  car  is  operated,  is  used  for , 
the  double  purpose  of  operating  the  motor  and  the  electric  brake, 
and  is  so  adjusted  that  the  brake  cannot  be  applied  when  the  current 
from  the  trolley  wire  is  on  the  motors.  When  this  road  commenced 
operating  its  cars,  the  first  controller  used  was  one,  in  which  the 
handle  formed  a  swinging  lever,  moving  back  and  forth  parallel 
with  the  dasher;    so  rapid  are  the  development  of  electrical  appli- 
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ances,  that  the  road  had  barely  got  into  full  operation,  before  these 
controllers  were  out  of  date,  and  a  new  controller  of  a  ** barrel^' 
type  substituted.  In  the  ** barrel''  type  the  controller  handle  is  so 
arranged  as  to  move  in  either  direction  from  its  **off''  point. 
Swinging  the  handle  to  the  left  starts  the  motor,  and  controls  the 
running  and  speed  of  car  ;  returning  the  handle  to  the  ^ '  off ' '  point 
and  continuing  to  swing  it  to  the  right  instantly  applies  the  brakes. 
Withdrawing  the  handle  to  the  *  *  off ' '  point  again  releases  the 
brakes.  The  control  of  the  current  to  the  motor  is  had  through  a 
rheostat  composed  of  matenal  having  high  electric  resistance.  The 
rheostat  used  here  and  furnished  by  the  General  Electric  Company, 
is  composed  of  plates  of  thin  iron,  bent  into  a  **U''  shape,  insu- 


Face  of  Brake. 


lated  from  each  other  by  rait^a,  and  arranged  in  a  semi-circular 
frame.  An  arm  moving  around  the  center  of  the  semi-circular 
frame  carries  contact  pieces  over  the  surface  of  the  resistance- 
plates,  leaving  all,  a  part,  or  none  of  them  in  circuit,  according  to 
the  required  electro  motive  force  to  bo  applied  to  the  motors.  The 
moving  of  this  arm  is  done  by  the  motorman  when  he  changes  the 
controller  handle  one  or  more  notches. 

The  track  or  road-bed  of  an  electric  railway  should  be  of  the  best 
materials  of  their  class,  the  short- wheel  base  of  electric  cars  require 
excellent  surface  and  line.  It  should  be  of  some  type  of  girder- 
rail  weighing  not  less  than  06  pounds  per  yard,  and  not  less  than 
4  inches  high,  when  line  is  outside  of  highway,  6  inches  high  when 
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laid  in  highway  requiring  cobble-stone  paving,  8  to  10  inches  in 
city  lines  liable  to  be  paved  with  block  paving.  The  cross-ties 
should  be  large  and  sound ;  there  is  no  economy  in  buying  small 
ties  on  the  score  of  cheapness.  Experience  has  demonstrated  that 
the  rails  only  may  be  used  for  the  return  circuit,  when  properly 
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bonded  at  the  joints.  The  relative  conductivity  of  steel  and 
copper  is  J,  with  rails  weighing  60  pounds  per  yard,  the  area  would 
be  12  square  inches,  or  a  conductivity  equal  to  2  square  inches  of 
copper.  The  Waterbury  Traction  Company,  in  bonding  their  track, 
used  bonds  made  for  the  purpose  of  number  O  wire,  and  in  form 
of  a  U  bolt,  also  cross-bonded  the  track  about  once  in  300  feet. 
The  shape  of  this  bond  is  shown  in  the  following  illustration  : 


■ 
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They  were  formed  with  collars  near  the  ends,  and  were  long  or 
short  as  desired,  they  were  placed  in  holes  drilled  in  flange  of  rail, 
and  held  in  position  by  a  special  tool,  while  the  end  of  the  bond 
was  hammered  down  cold  in  form  of  a  boiler  or  bridge  rivet-head, 
completely  filling  the  hole  and  giving  a  large  contact  area,  besides 
making  it  more  secure  against  becoming  loose  by  the  constant 
pounding  of  the  joint  by  car  wheels,  over  the  old  method  by  channel 
pin  or  wedge.  The  loss  of  power  in  converting  mechanical  power 
into  electricity,  and  electricity  into  power  at  the  car  wheels,  is 
stated  by  some  authorities  to  be  50  per  cent,  in  well  insulated 
lines,  but  in  spite  of  this  loss,  electric  railways  can  be  operated  at 
less  expense  than  the  old  method  of  horse-power,  besides  furnishing 
an  elegant  method  of  street  car  service. 

Reports  of  the  operation  of  electric  railways  are  so  far  disappoint- 
ing to  investors,  as  they  show  but  an  ordinary  profit,  if  any. 

The  principal  activity  in  electric  railway  construction  has  been  in 
converting  established  horse  railroads  into  electrics;  with  this  field 
well  occupied  extensions  into  suburban  territory  will  naturally  follow, 
with  the  expectation  of  building  up  a  lasting  and  profitable  traffic. 
He  would  be  a  rash  man  who  would  attempt  to  predict  the  future 
of  electrical  energy.  It  has  become  a  useful  agent  of  man,  and 
in  no  better  form  than  the  electric  railway. 

In  conclusion  ,  I  wish  to  acknowledge  the  kindness  of  the  Sperry 
Electric  Railway  Company  and  Benedict  &  Burnham  Manufactur- 
ing Company  for  cuts  loaned  to  illustrate  this  paper. 

DISCUSSION. 

Mb.  Wadsworth.  What  is  the  per  cent,  luss  of  power  in  the 
conversion  of  steam  to  electricity? 

Mr.  Smith.  That  is  a  broad  question.  The  loss  of  power  at  the 
car  is  from  50  to  60  per  cent.  The  improvements  being  made  lie 
in  making  connections  and  controlling  the  transmission  of  electric- 
ity. With  the  two  motor  power  the  loss  on  the  cars  was  nearly  30 
per  cent.  The  single  50  horse  power  steel  motor  gains  15  per  cent. 
We  gain  half  the  weight  of  the  car  in  adhesion.  It  is  of  great  ac- 
count. 

Mr.  Palmer.  In  the  connection  of  rails  by  wires  I  have  heard 
the  objection  made  that  water  pipes  were  more  subject  to  electroly- 
sis than  where  the  connection  is  made  by  a  single  return  wire. 
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Mr.  Smith.  I  don't  think  that  is  so.  The  oldest  experiments 
show  that  the  relative  conductivity  of  steel  to  copper  is  1  to  6.  For 
our  bonds  we  used  a  copper  wire  made  specially  for  us.  About  an 
inch  from  the  top  of  the  wire  there  is  a  shoulder.  The  wire  is  put 
up  through  the  rail  and  held  in  place  by  a  special  tool,  and  a  man 
heads  down  the  wire.  We  get  on  the  collar  and  head  from  five  to 
six  times  the  contact  area  that  we  used  to  get  with  the  channel 
pin.     Also  the  pins  became  loose  by  the  jarring  of  the  cars. 

Mr.  Is  there  any  dispersion  of  electricity  in  the  ground 

where  the  rails  are  bonded  by  copper  wire  ? 

Mr.  Smith.  There  are  cases  where  the  electricity  might  go  into 
the  ground,  but  if  ample  copper  area  and  rail  area  for  the  return 
current  are  furnished  there  should  be  no  reason  for  it.  The  rail  is 
the  best  path  for  the  current  to  follow. 

Mr.  Wadsworth.  The  efficiency  of  the  bond  is  dependent 
upon  its  being  well  riveted  into  the  track,  is  it  not? 

Mr.  Sahth.  The  work  must  be  well  done.  The  first  road  I  had 
charge  of,  we  used  a  central  wire.  This  central  wire  was  joined  to 
the  ends  of  the  rails  by  channel  wire  and  the  whole  track  was  se- 
cured by  this  wire.  I  don't  think  the  bond  area  was  large  enough. 
The  return  circuit  must  never  be  less  than  the  feeders.  Of  course 
if  it  is  less  the  electricity  would  take  the  easiest  path. 

Mr.  Olalsteai).     Is  the  double  bond  used  extensively  ? 

Mr.  Smith.  I  don't  know  how  extensively.  I  have  seen  some 
using  it.  If  the  road  has  heavy  traffic,  there  should  be  a  number 
of  feed  wires.  You  get  bett<)r  time  with  cars  by  using  insulated 
wires  for  separate  sections.  If  you  were  coming  up  Asylum  street 
you  would  get  bettt^r  results  by  insulating  the  wire  for  that  section. 

Mr.  ('HANDLER.  It  makes  a  difference  about  the  number  of 
cars  you  are  using,  don't  it ! 

Mr.  Smith.  Yes  sir.  A  track  likely  to  be  used  often  should  be 
driven  with  a  feeder  wire. 

Mr.  Olmstead.  You  said  there  was  a  loss  of  95  per  cent,  of 
the  power  in  some  cases. 

Mr.  Smith.  In  a  long  line  there  is  a  drop  of  potential  the  far- 
ther you  go  from  the  plant.  That  is  overcome  by  the  feeder  wires. 
If  you  had  a  car  at  the  end  of  a  line,  you  would  have  to  drive  it 
with  a  feeder  wire  or  you  ^vlOuld  lose  time. 
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Mr.  Wadsworth.  Isn't  there  loss  where  the  plant  is  3  or  4 
miles  from  the  end  of  the  road  f 

Mr.  Smith.  Yes,  for  if  the  current  return  by  a  parallel  wire 
the  line  would  have  just  twice  the  resistance. 

Mr.  Chandler.  You  give  5^  horse  power  to  draw  a  ten-ton  car 
on  the  railroad.  Isn't  that  more  than  the  power  given  in  the 
books  f 

Mr.  S31ITH.  Perhaps  so.  The  power  of  the  motor  may  require 
40  horse  power,  and  we  should  add  just  the  power  required  to  draw 
a  car  on  the  level.  It  would  be  safe  figuring  to  add  the  power  re- 
quired on  the  level.  The  power  reduced  is  the  power  at  the  car  it- 
self.    At  the  engine  it  is  fully  75  per  cent.  more. 

Mr.  Cairns.  What  is  meant  by  the  saying  that  a  rail  is  posi- 
tive or  negative  to  the  pipe. 

Mr.  Smith.     I  don't  know. 

Mr. .  Which  way  does  the  power  return  ? 

Mr.  Smith.     Through  the  rail. 

Mr. .  Which  of  these  ways  insures  safety  to  water  pipes ! 

Mr.  Smith.  The  only  way  they  can  get  rid  of  electrolysis  is  by 
having  a  return  circuit  over  head.  This  has  been  tned  and  aban- 
doned because  it  makes  the  switches  so  difficult. 

Mr.  Chandler.  Could  the  return  power  be  taken  back  to  the 
station  through  insulated  wires  in  the  same  way  it  is  taken  out? 

Mr.  Smith.  I  don't  suppose  the  trolley  company  cares  very 
much  whether  the  electricity  returns  through  the  rails,  or  the  water 
pipes,  or  the  soil. 

Mr.  Chandler.     Ain't  you  legally  liable  for  damages f 

Mr.  Sahth.     That  will  be  a  question  for  the  lawyers. 

Mr. .     What  do  you  think  is  the  best  rail  ? 

Mr.  Smith.     The  **T"  rail. 

Mr.  Palmer.  In  Bridgeport  they  found  trouble  fi*om  using  a 
single  wire.     The  wire  runs  six  miles  from  the  station. 

Mr.  Smith.     How  far  do  they  run  feeder- wires? 

Mr.  Palmer.     Clear  out,  and  two  or  three  of  them. 

Mr.  Smith.  Probably  the  feeder-wires  are  too  small.  Do  they 
run  many  cars  at  a  time  ? 

Mr.  Palmer.     I  don't  know  how  many. 

Mr.  Smith.  With  a  ten-minute  time  there  should  not  be  very 
much  drop  in  the  potential.  Probably  there  is  lack  of  sufficient 
feeder- wire  or  of  power  at  the  station, 
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Mr.  Chandler.  With  the  best  motor,  what  is  the  best  practi- 
cable speed! 

Mr.  Smith.  They  can  run  good  speed  down  grade,  but  it  is  not 
safe  to  run  with  short-wheel  base  over  15  to  20  miles  an  hour. 
On  the  ordinary  track,  put  down  by  speculative  concerns,  they  would 
have  to  slack  speed.  The  motors  in  Waterbury  are  50  horse-power. 
They  all  have  a  shrunk  coil.  Thfey  are  set  to  run  15  miles  an  hour. 
To  get  greater  speed  they  simply  cut  the  coil.  By  gearing,  you 
can  increase  your  speed  until  you  get  to  the  limit  of  your  motor. 
A  motor  will  do  a  little  more  than  it  is  rated  at,  the  same  as  a 
dynamo  or  a  steam  engine. 
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C.  E.  Chandlkb,  Gbo.  K.  Gbandall,  W.  B.  Paucbb. 

MASONRY. 

D.  E.  Bbadlry,  E.  H.  Pmpps,  A.  R.  Wadswobth. 

LAW. 
OsAs.  H.  BuNCB,  Ghas.  M.  Jabvib,  B,  K.  Fisld, 
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LIST  OF  MEMBERS, 

WITH  ADDRESSES  AND  DATES  OF  ELECTION. 


Members  are  particularly  reqaested  to  keep  the  Secretary  conntantly  informed 
as  to  their  correct  addresses. 

HONORARY  nEHBERS. 

JoHH  E.  Glabkb, April,  1864. 

Prof.  Mathematics  at  Sheffield  Scientific  School  of  Yale  University, 
New  Haven,  Gonn. 

GiOBOK  H.   Fbost, April,  1884. 

Of  Engineering  News,  New  York  City. 

L.  E.  OuRLBY        -        -        -        - April,  1884. 

Instrument  Maker,  Troy,  N.  Y. 

L  W.  QuBLmr April,  1884. 

Civil  Engineer.  Troy,  N.  Y. 

Edwabd  C.   Hatnks, Jan.   14,   1890. 

Huntington,  Mass. 

HKiniT  T.  PoTTM, June  7,  1887. 

Civil  Engineer,  Norwich,  Conn. 

BoBiBT  R.  SiOTfl Jane  7,  1887. 

Civil  Engineer,  New  Hartford,  Conn. 

CONTRIBUTINO  MEHBERS. 

F.  B.  DtJBFBT. Jan.  11,  1887. 

Contractor,  Norwich,  Conn. 

Jay  Cabpentbb, Jan.  10,  1888. 

Sewer  Inspector,  Waterbury,  Conn. 

Hecby  L.  M.  Ladd. Jan.  8, 1895, 

Contractor,  Norwich,  Conn. 

ACTIVE  HEMBERS. 

Edwin  P.   Auoub, April,   1884. 

City  Surveyor,  Middletown,  Coon, 

HiKBY  W.  Aybbs Jan.  13, 1885. 

Engineer  of  the  Hartford  Water  Works,  New  Britain,  Conn. 


88  CONNECTICUT  CIVIL  ENGINEERS 

John  W.  Bacon,  -..--.-      Jan.  1884. 

Civil  Engineer,  Dan  bury,  Conn. 

RoiiAND  D.  Babnss,  -  -  -  -  -  -  April,  1884. 

Civil  Engineer,  Bristol,  Conn. 

Alpbbd  T.  Bbckwith,  .--.-.    Oct.  27,  1886 

Civil  Engineer,  Perth  Atnboy,  N.  J. 
Chaslbs  Eowabd  Beach,  .....         Jan.  10,  1893. 

Civil  Engineer,  West  Hartford,  Conn. 

Gbobob  H.  Bishop,  ......        Jan.  13,  1885. 

Hydranlic  Engineer,  Middletown,  Conn. 

Thomas  S.  Bishop,  ......         May  31,  1893. 

^  Engineer  with  Rnssell  k  Erwin  Mfg.  Co. ,  New  Britain,  Conn. 

D.  E.  Bbadlby,  -...---    Jan.  9, 189i 

Assistant  Engineer  Berlin  Iron  Bridge  Co. »  Elast  Berlin,  Conn. 

D.  S.  Bbinshadb,  .  -  -  -  .  -        -       April,  1884. 

Engineer  of  Oasatonic  Water  Power  Co.,  Birmingham,  Conn. 

Chablbs  H.  Buncb,  ------  April,  1881 

City  Surveyor,  Hartford,  Conn. 

R  L.  Bbown, Oct.  27. 1886. 

Civil  Engineer,  Brockton,  Mass. 

LuTHBB  W.  BuBT,  .---..  Jan.  13,  1885. 

Civil  Engineer,  Hartford,  Conn. 

Emil  Chablbs  Buschbb  ....  -  Jan.  10, 1893. 

Central  Valley,  Orange  County,  N.  Y. 

William  H:  Cadwbll  -----  May  31.  1893. 

City  Engineer,  New  Britain,  Conn. 

RoBBBT  A.  Caibns. Aug.  29. 1890. 

City  Engineer,  Waterbnry,  Conn. 

Ralph  B.  Cabtbb,  ------         Jan.  14,  1890. 

Civil  Engineer,  Glastonbury,  Conn. 

Chablbs  E.  Chandlbb,  -.-.-.        April,  1^- 

City  Engineer.  Norwich,  Conn. 

Edoab  Clabk,  -------        Jane,  1887. 

.    Civil  Engineer  and  Surveyor,  Putnam,  Conn. 

William  B.  Cochbanb,  ------      Jan.  14. 1890, 

Civil  Engineer  and  Snrv^or,  Stamford,  Conn. 

William  8.  Clabk. Jan.  14, 1890. 

City  Engineer,  Meriden,  Conn . 
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B.  C.  P.  CoooBSHAiiL,  ......        June,  1887. 

Engineer  and  Superintendent,  Water  Works,  New  Bedford,  Mass. 

Gbobos  K.   GBAMDAiiL,  .....  Jan.   11,  1887. 

Gity  Harvey  or.  New  London,  Conn. 

HntAM  Cook,  -  ......         April,  1884. 

Civil  En^^neer,  Norwich,  Conn. 

L.  £.  Daboix,  .......      Jan.  8,  1895. 

Snpt.  Water  Works  and  Civil  Engineer,  New  London,  Conn. 

HKfBT  L.  Davis,  -  -  -        *  -  -  -  Jan.  14,  1890. 

Civil  Engineer,  Wallingford,  Conn. 

GourruLMD  R.  Da&bow,  .....  Jan.  8,  1895. 

Civil  Engineer,  Norwioh,  Conn. 

Fbsdkbigk  DePbtstkb,  .....  Sept.  3,  1891. 

Sapt.  Sbaler  &  Hall  Qaarry  Co.,  Portland,  Conn. 

fiuBB  K.  FisLD,  ......  Sept.  25,  1885. 

Assistant  Engineer  of  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

RoBBBT Fbntom,  -  -  -  -         *-  -  Oot.  27,  1887. 

Civil  Engineer,  Willimantio,  Conn. 

EDwm  P.  Gabdnbb,  ......         Dec.  8,  1888. 

Civil  Engineer,  Norwich,  Conn. 

AiiBKBT  S.  Qi/>vsB,  ......        Aug.  29,  1890. 

West  Newton,  Mass. 

Edwaw)  O.  Goss, Nov.  29,  1890. 

Engineer  Scovill  Mfg.  Co.,  Waterbory,  Conn. 

Abthxtb  H.  HowiiAND,  ......       April,  1884. 

Hydranlio  Engineer,  Boston,  Blass. 

Bradlby  H.  Hull,  ......  April,  1884. 

Civil  and  Hydraulic  Engineer,  Bridgeport,  Conn. 

BobibtS.  Hublbut,  ......     Jan.  13,  1885. 

Civil  Engineer  and  Surveyor,  West  Winsted,  Conn. 

Chablbb  M.  Jabvu,  -  -  -  -  ...         April,  1884. 

President  and  Chief  Engineer  of  Berlin  Iron  Bridge  Co.,  East  Berlin.  Conn. 

liAWBKNCB  B.  Jknckes,  ......     Aug.  29,  1890. 

Engineer  Consolidated  B.  B.  Co.,  Stamford,  Conn. 

William  E.  Johmsom,  ...  .  .  Nov.  29,   1890. 

Civil  Engineer,  Glastonbury,  Conn. 

J.  W.  Knowltom,  ......  Jan.  11,  1887. 

Bridgeport,  Conn. 
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HXMBT  J.  KXLLOOO,  ......  Aphl,  1881 

Oiyil  EngiDoor,  New  Hayen,  Conn. 

Pbsdbbigk  W.  LaFobgb,  .....  Jan.  13,  I88S. 

Civil  Engineer,  Waterbnry,  Conn. 

HiBAM  G.  liooias,  ......  April,  1884. 

Ciyil  Engineer,  Hartford,  Conn. 

J.  M.  MoKemzis, April,  1884. 

Civil  Engineer,  Sonthington,  Conn. 

Thbodobb  H.  McKbmzib,  -  -  -  -  -  April,  1888. 

Sanitary  and  Hydraolic  Engineer,  Sonthington,  Conn. 

John  T.  McKnioht,  ......        Hay  31, 1893. 

Civil  Engineer,  Bockville,  Conn. 

Albxandbb  D.  McLban,  .....  Jan.  13, 1885. 

Civil  Engineer  and  Surveyor,  Wallingford,  Conn. 

Shbltom  E.  Mihbb,  ......        Sept.  25, 1886. 

ABsistaat  Engineer  U.  S.  Army  Improvements.  AddresB,  Greenwich,  Conn. 

William  H.  Olmstbd,  .....  Jan.   14,  1890. 

Civil  Engineer.  East  Hartford,  Conn. 

John  I.  Osbobnb,  ......  Jan.  12, 1886. 

Civil  Engineer,  Mt.  Carmel,  Conn. 

WiiiLiAM  B.  Palhbb,  ......    Jan.  13,  1885. 

Civil  Engineer  and  Surveyor,  Bridgeport,  Conn. 

Shbpabd  B.  Palmeb,  ......       Jan.  8,  1895. 

Surveyor,  Norwich,  Conn. 

AjtTHUB  J.  Patton,  --.---      Sept.  12, 1889. 

Civil  Engineer,  Waterbury,  Conn. 

Ebmon  M.  Pbok,  ......  Jan.  8,  1896. 

Civil  Engineer,  Bloomfield,  Conn. 
C.  V.  Pendubton,  ......  June,  1887. 

Civil  Engineer,  Yantio,  Conn . 
William  E.  Pbttbb,  ......  April.  1884. 

Civil  and  Mining  Engineer,  Lakeville,  Conn. 

Edwabd  N.  Phelps.  ......       Jan.  13, 1891. 

Civil  Engineer,  Windsor,  Conn. 

Stephen  C.  Piebson,  ......      Jan.  IS,  1885. 

Civil  Engineer,  Meriden,  Conn . 
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Edwabd  N.  Pikb,  --.---         Ang.  19,  1890. 

Assistant  Gity  Engineer,  Meriden,  Conn 

Gboboe  E.  PrroHBB,  ------      Jan.  11.  1887. 

Civil  Engineer  and  Surveyor,  Norwich,  Conn. 

Edwabd  H.  Phipps,  ------  April,  1884. 

President  and  Engineer  Connecticot  Patent  Water  Pipe  Co., 
New  Haven ,  Conn. 

WiltsbH.  Biohabds,  ------       April,  1884. 

Engineer  Sewer  Department,  New  London,  Conn. 


William  B.  Bidsr,  ------  

Hydranlio  Engineer,  Nor  walk.  Conn. 

Jo8«PH  B.  BiDBB,  ------  Jan.  14,  1890. 

Civil  Engineer,  New  York  City. 

Abthub  W.  RiciL,  ----..  April,  1884. 

Civil  Engineer,  New  Britain,  Conn. 

Gk).  H.  Saob.  -------        Jan.  8,  1895. 

Secretary  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Ralph  J.  Sabin,  -  -  -  -  -  -  -      April,  1884. 

Engineer  and  Surveyor,  Pomfret,  Conn. 

William  G.  Smitb,  ------  April,  1884. 

Civil  Engineer,  Waterbnry,  Conn. 

Albebt  F.  Spkmcbb,  .-----  April,  1884. 

Civil  Engineer  and  Surveyor,  Bridgeport,  Conn. 

L.  A.  Tailob,  -------         Jane,  1887. 

Civil  Engineer,  Boston,  Mass. 

Waltbb  Watson,  ^  -  -  -  -  -  Jan.  13, 1885. 

Civil  Engineer,  Pittsfield,  Mass. 

A.  R.  Wadswobth, Oct.  27,  1886. 

Civil  Engineer,  Farmington,  Conn. 

NblsohJ.  Wblton,  ------  April,  1884. 

Civil  and  Hydraulic  Engineer,  Waterbury,  Conn. 

JoiL  M.  Wheelbb,  ------  June,  1887. 

Civil  Engineer,  Ansonia,  Conn. 

J.  K.  WiLKBs, April,  1884. 

Chief  Engineer  New  Rochelle  Sewer  Commission,  New  ^ochelle,  N.  Y. 


The  Lawrence  Cement  Co. 


(MANUFACTURERS  OFl 


HOFFMAN'  ROSENDALE  CEMENT 


DAILY  CAPACITY, 


6»000  Barrels. 


BUII/DBRS 

Should  call  for  it. 

BEING  THE  BEST 

It  is  the  Cheapest. 

SUPERIOR 

For  Heavy  Masonry. 


ot: 


.-'^      -V       .i^ 


ARCHITieCTS 

Should  specify  it. 

UNIFORM  IN  QUALITY, 

It  is  Always  Reliable. 

STRONGEST 

of  American  Cement. 


In  competlUve  teste,  ••HOPFMATI**  Is  always  atieacl 

FOR  PRICES  AND  OTHRR  INFORMATION  APPLY  TO 

No.  1    BROADWAY, 

NBW  YORK  CITY. 


H.  Albert  Scuix, 
Vauon  S.  Ackerman, 

Gen'l  Sales  Agts. 


BRNEST  R.  ACK]3RB1AN» 

PRR8XDBNT. 


3btj:f:f  &  BEI^G■ET^3, 


IMPROVED 


No.  9  Province  Court,  Boston,  Mass. 


They  aim  to  secure  in  their  Instrumeuts  -.—Accuracy  of  division:  Sin 
n;  LtghtueHS  comhiutil  with  strength;  Achromatic  teleftcopc,  with  high 
Ijusfnietrtu  under  raryiuq  temperaturfH;  l^itiffnem  to  aroid  any  tremor, 


Simplicity  in  manipula- 

'  ftoicer;  Steadin4i9*  of 

even  in  a  ntrong  trind^ 


tion 

AdjuntmetUn  under  raryiuq  temperate 

and  thorough  irorkmannhtp  in  creru  part. 

Their  inBtrutncnts  are  Id  ffeneral  use  by  the  U.  S.  Government  Engineers,  Geolo^sts,  and 
Surveyors,  and  the  range  of  instrumeuts,  as  mode  by  them  for  River,  Harbor,  City,  Bnd|re,  Tun- 
nel, Uiiilroad  and  Mining  Engineering,  as  well  as  those  mjwle  for  Triangulation  or  Topographi- 
cal Work  and  Land  Surveying,  etc.,  is  larger  than  that  of  any  other  firm  in  the  country. 

ILLU3TRATE0  HANUAL  AND  CATALOGUE  5ENT  ON  APPLICATION. 


mmo.  M.  irasD?  de  00.^ 


Manufaoturers    of 


MEASURING    TAPES. 

FOR    ALL    PURPOSES. 

343  to  345  Cl&sson  Avenue,  BROOKLYN.  N.  Y. 


STEEL  TAPES  of  all  kiu«ls«  for  Engineering  puryioses  a  specialty.  Also  Light  Stc<»l 
Standard  iMcsisures,  one-eighth  inch  wide,  graduated  each  five  or  ten  feet,  with  reel  for  rou^h 
work.  Will  not  break.  Warranted  U.  S.  Standard  Measure.  Wc  desire  to  call  your  attcution 
to  our  new  handle  and  improved  method  of  winding  Steel  Tapes  which  is  universally  approTed. 


SElSXr)    rOR.    0-A.T-A.I-0C3-XJE. 


Keep  Up  With  The  Times  ; ! 

To  the  Managers  of  Electrical  Street  Railways  : 

SOLID  ONE-PIECE  RAIL- BOND, 


Patented  July  12.  1892. 


Pure  Lake  Superior  Copper. 

FEEDISR,  MAOlffET 

AND 

TROLLEY  WIRES. 


We  are  the  sole  and  exclusive  manufacturers  of  these  Ratl- 

Bonds  and  can  supply  them  in  any  size  or  lengtli  at  sliort 

notice*  They  ai*e  already  in  use  on  many  roads  and  are  giving  the 
best  of  satisfaction*  Shall  be  pleased  to  quote  prices  and  fur- 
nish samples  on  application.     Send  for  testimonials. 

Address  : 

BENEDICT  &  BURNHAM  M'F'G.  CO. 

Nev  York  Office,  13  Harray  St.,  Boston  Office,  26  Oliver  St, 
Rolling  HIU  and  Factories*  Waterbary,  Conn. 


1 


UanoogaroundfyiPipeWofks 


¥    •  ^  •    4 


David  Giles,  President.  C.  B.  Isbester,  Vice-President. 

M.  Llewellyn,  Sec'y  and  Treas. 


¥     9   ^   •     4 


-MANUFACTUREEIS    OF- 


CAST  IRON  GAS  AND  WATER 


•  ALSO - 


Castings  and  Patterns  of  every 
description  made  to  order. 


Works  at  Chattanooga,  Tenn.,  with  a  capacity  of  85 
Tons  per  day 

WorKs  at  Bridgeport,  Alabama,  with  a  capacity  of 
115  Tons  per  day. 


A.  IL  McNEAL,  President.  L.  L.  8TUBGE8,  Treas.  WM.  T.  SULLIVAN,  Sec'y, 

Burlington,  N.  J.  52  Wall  St.,  N.  Y.  Burlington,  N.  J. 


The  McNEAL 


pip^  apd  Jfoiipdry  Co., 


MANUFACTURERS  OF 


CAST  IRON  PIP[S 


-FOR 


WATER  AND  GAS, 


-AND- 


GENERAL 

FOUNDRY 

W^ORK. 

BURLINGTON,  N.  J. 


THE   KING    BRIDGE   CO., 

BRIDGES.  CIlEVEIlflHDj  OHIO.  VIADUCTS. 

IRON  AND  STEEL  EYE  BARS,  GIRDERS  AND  STRUCTURAL  WORK  FOR  BUILDINGS. 

PLANS,  ESTIMATES  AND  SURVEYS  FREE  OF  COST. 


BRIDGE  OVER  THE  OHIO  RIVER.  BETWEEN  CINCINNATI,  O..  AND  NEWPORT.  KY. 

Designed  and  Built  by  THE  KING  BRIDGK  CO. 


I<ENOTH  OF  CANTILEVKH   CHANNEL  SPAN,  520  FEET.     ToTAL  I^ENGTH  OF  BRIDGE,   2916  PkBT. 

R.  F.  HAWKINS, 

Iron  Works 

IRON  AND  STEEL  BRIDGES. 

BUILDINGS,  ROOFS  and  TURN  TABLES, 

Steam  Boilers,  IFron  Castings,  &c, 

SPRINGFIELD,  MASS. 

R.  F.  HAWKINS,  Proprietor.  C  H.  MULLIGAN,  Superintendent. 

MACE  MOULTON.  Eng. 


TliEJ 


s:^ 


jMERICAU  CEMENT  COMPAfil 

OWNERS    OF 

The  Egrypt  Portland  Cement  Works. 

The  Pennsylvania  Portland  Cement  Works* 
The  Columbian  Portland  Cement  Works. 

The  Jordan,  N.  Y.,   Portland  Cement  Works, 

MANUFACTURERS  OT 

portlapd,  Ifmproued  ai)d  H^atural  Cements. 


'*  UNION'*  and  IMPROTED  *' UNION"  BRANDS. 
"filANT"  and  "EGTPT,"  PORTLAND. 


Office,  22  and  24  So.  Fifteenth  St. 


F31&A@3B£iPSSA. 


MID  IN  EVERY  WAY  SUPERIOR  TO  SCOTCH,  CEMENT,  OR  GLAZED  PIPE 


€^ 


lUffiOIIUl 

OHIO  VITRIFIED  SEWEfi  PIPE 


nt  3AL£  ET ISS  lUlT'S'S  HEW  EitSUtn  ismt, 

H.  A.  WAMER,  New  Haven,  Conn.  ,, 


BE  SURE  AND  GET  MY  PRICES  WHEN  READY  TO  PUCE  ORDERS. 

Large  Discounts  to  Dealers  Officials  &  Contractors. 


EDWARD  McMANUS, 

General  Contractor. 

♦ 

GRADING,  PAVING,  PIPE  LAYING, 

EARTH  and  MASONRY  DAMS, 


Personal  Attention  GUen  and  First-Class  Work 
Guaranteed. 


ESTIMATES    FURNISHED. 


WATERBURY.  CONN 

57    Union   Street. 


HARRISBURG 


FOUNDRY 

and 
MACHINE 


WORKS 


General  Office  and  Works,  Harrisburg,  Pa.,  U.  S.  A. 


Why 


do  Street  Contractors 
and  City  Corporations 
prefer  the 


IDmhk  Bngine  Steam  IRoller 


Now  in  use  in  Over  One  Hundred   Cities  and  Towns  in 
tlie  United  States. 


1?,  S.  Frost.  H.  A.  Lawrjence.  H.  C.  Gardxes 

FROST  &  ADAMS. 

No.  37  Cornhill,  Boston,  Mass. 

LOWEST  PRICES  ON 

Drafting 
Instruments, 

Colors,    Bine    Process 
Papers,  Drawing  Pa- 
pers, Scales,  CarTes, 
T.   Sqnares,   Tri- 
angles,  and 

All  EiBils  of  ArcMtects'  and  Engineers'  Supplies  anil  Artists'  Materials. 


We  carry  a  complete  line  of 

Ti"!Favorit&Drafiii£Tal)les 

ALSO  THE 

PATKix*™   IIRAWINC 

ADJUSTABLE    ^       TABLES. 

DRAWING  BOARDS. 

StEa  STMiGHr  EofiES,  Ster  Amies, 
STEU  T.  SQUIRES,  Etc. 


METALLIC  AND  STEEL  TAPE  MEASURES. 


The  "  Seldts ''  Drawing  Table 

FOR 

Mechanical  Draugmtsnen,  Architects  au  kirni 


fit  l^ou  moiant^ 

Cheslerman,  Excelsior,  Laf- 
ktn,  Eddy,  Roe's  or  aoj 
other  make  of  Steel  or  Me- 
tallic Tapes,  write  as  for 
prices.  We  are  bottom  on 
tliese  goods. 

PiclDre  FraifllD£: 


A  Hpecialty. 


ILLUSTRATED  CATALOQUE  SENT  ON  APPLICATION. 


MARTIN  LIPPS, 

kieial  Umimdm 

Nos.  897-899  E.  149th  STREET, 

NEW  YORK  CITY. 


Construction   of  Gas  /^  ^A/^ater 
Systems  a   Specialty. 


Refers  by  Permission  to 

G.  W.  BiRDSALL,  Chief  Engineer,  Croton  Aqueduct. 

W.  R.  Hill,  Chief  Engineer  Syracuse  Water  Works. 

F.  N.  Davis,  Supt.  New  Rochelle  Water  Co. 

R.  A.  Cairns,  City  Engineer,  Waterbury,  Conn. 

W.  R.  Beal,  President  Central  Gas  Light  Co.,  New  York  City. 

Jno.  T.  Bush,  President  Northern  Gas  Light  Co.,  New  York  City. 


ESimATES  FVRKI8HED  AT  SHORT  NOTICE. 

Have  aH  large,  if  not  tlie  Largrest  modern  plant  for  Heavy 
Pipe  liayingr  in  tlie  United  States. 


Note.— The  Waterbary  Americao  of  Oct.  15.  1894,  says  in  relation  to  the 
visitation  of  the  Common  CouDcil  to  the  pipe  line  construction  as  follows  : 

**  The  Mayor  and  City  Engineer,  and  the  more  venturesome  spirits  in  the 
party,  walked  the  lost  mile  of  the  LIPPS  pipe  line  contract  to  the  dam.  Here 
was  seen  the  only  work  on  the  pipe  line  don^  with  modern  appliances  and  by 
a  Contractor  experienced  in  his  work," 


THE  LUDLOW  VALVE  M'F'G  CO., 


MANUPACTURBI18  OP 


TslyeseilFireHyMii. 


This  Hydrant  is  auti-freezing,  becaase 

when    the    drainage  is  good  do 

water  is  left  in  it  to  freeze 

The  drip  is  directly  in  the  bottom  of 

the  hydrant  and  drains  perfectly. 

It  is  protected  by   its    valve, 

which   never  leaves  its 

socket  and    therefore 

cannot  be  clogged. 


Double  and 

Single  Gate 

VALVES. 
CHECK  VALVES, 


FI[|EHYDR/NTS. 

Yard, 
■^    Wash 


AND 

Flush 
FOOT  VALVES,    ^^^^k^    HYDRANTS. 

Ofiice  and  Works-— ••'^•■^■^ 

938to954River$M67to83VaiiAve. 

TROY,   Itf.  Y. 


UiARRl  pODNDRY  it  fI\iCHINE  QO.. 

WORKS  at  PHILLIP8BURG,  N.  J. 

Sales  OfTice,  No.  160  Broadway,   New  York. 


Cast-iron  water  and  gas 


-6T^®  j^ipc"®^^ 


.From  3  to  48  Inches  Diameter. 


-ALSO- 
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Bnirine^l^Dfir  News  contains  each  week  iwenty-foar  pages  of  TalasUe 
reading  matter,  covering  the  entire  field  of  engineering  science  in  both  this  and 
foreign  countries.  Railways,  water-works,  bridges,  manafaotaring and  techni- 
cal,  contracting,  mechanical  and  electrical  industries  are  fully  reported,  and 
detailed  working  drawings  and  full  descriptions  are  given  of  all  Uie  more  im- 
portant and  noteworthy  structures  and  enterprises.  Record  is  kept  of  the 
proceedings  of  the  engineeriug  and  technical  societies  and  clubs,  and  the 
latest  technical  books  and  magazines  are  folly  reviewed  and  discussed.  The 
correspondence  columns  contain  communications  from  engineers,  contraoton 
and  others,  regarding  matters  of  current  interest. 

The  advertising  columns  and  those  of  '*  Construction  News,"  consiitnte  the 
most  complete  record  of  the  current  contract  work  of  engineering  in  the 
United  States  that  is  obtainable.  Together  they  make  a  very  complete  index 
of  new  railways,  new  water-works,  sewer  building,  street  paving,  river  and 
harbor  improvementR.  bridge  construction,  public  buildings  erected,  tunnel- 
ing, pile  driving,  dredging,  blasting  operatious.  experiments  and  actual  woik 
in  concrete  and  cement,  electricity  aud  gas,  artesian  wells,  canals,  everything 
in  fact,  having  nny  relation  to  public  works  or  the  business  of  civil  engineer- 
ing and  contracting,  while  from  the  abstracts  of  bids  published  from  week  to 
week  the  prices  of  labor,  materials  and  other  elements  of  cost  of  eng^neerlDg 
work  in  different  parts  of  the  country  are  obtainable. 

^Engineering  News  prints  a  larger  number  of  municipal  construction 
news  items  and  proposal  advertisements,  and  is  more  extensively  read,  than 
any  similar  paper  in  the  world.  Proposed  work  mentioned  in  this  paper  u 
brought  to  the  attention  of  leading  engineers,  contractors,  and  manufaoturecs 
of  contractors'  supplies  in  every  part  of  this  country  and  Canada,  thus  insur- 
ing an  interest  in  work  reported  in  this  journal  which  may  result  in  large 
savings  on  contracts.  The  several  hundred  news  items  that  are  published 
each  week,  calling  attention  to  work,  are*  printed  without  expense  and  the  pro- 
posal advertisements,  which  bring  the  matter  conspicuously  to  the  attentioB 
of  all,  cost  only  $2.40  an  inch  per  week. 

More  than  900  different  cities  and  towns,  representing  46  states  and  terri- 
tories, and  the  Canadian  Provinces,  have  advertised  contract  work  in  this 
paper  within  a  few  years.  Why  continue  to  spend  large  sums  of  money  in 
advertising  work  in  daily  papers  which  reach  only  a  few  beside  local  contraot^ 
ors,  when  for  the  small  sum  of  $2.40  an  inch,  the  work  might  be  brought  to 
the  attention  of  leading  contractors  in  every  part  of  the  country  ?  We  ettpeo* 
ially  solicit  a  trial  of  our  advantages  in  this  hne  of  advertising. 

If  you  are  not  familiar  with  Engineering  News,  a  sample  copy  will  be  mailed 
you  upon  request 
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PROCEEDINGS 


AUTUMN     MEETING 


Connecticut  Civil  Engineers  and  Surveyors/ssociation, 

— BELD  AT — 

MIDDLETOWN,  CONN.,  OCTOBER  24,  1895. 


The  meeting  was  called  to  order  in  Masonic  Hall  at  10  o'clock  by 
the  President, Wm.  G.  Smith,  the  following  members  being  present: 

Edwin  P.  Augur,  Middletown  ;  Geo.  H.  Bishop,  Middletown  ;  D. 
E.  Bradley,  East  Berlin;  Chas.  H.  Bunce,  Hartford;  Robert  A. 
Cairns,  Waterbury;  Ralph  B.  Carter,  New  York  City;  Geo.  K. 
Crandall,  New  London;  L.  E.  Daboll,  New  London ;  Frederick  De 
Peyster,  Portland ;  Burr  K.  Field,  East  Berlin  ;  Charles  M.  Jarvis, 
East  Berlin ;  Hiram  G.  Loomis,  Hartford ;  John  T.  McKnight, 
Rockville;  Wm.  G.  Smith,  Waterbury,  ;  A.  R.  Wads  worth,  Farm- 
ington. 

The  following  guests  were  present :  Robert  P.  Lewis,  Water- 
bury; Edwin  D.  Graves,  Middletown;  C.  C.  Goodrich,  C.  W. 
Dean,  O.  Erlandsen  and  E.  J.  Bell. 

The  reading  of  the  minutes  of  the  last  meeting  was  dispensed 
with. 

Applications  for  active  membership  were  received  from  Huber 
D.  Card,  City  Engineer  of  Willimantic  ;  Robert  P.  Lewis,  of  Water- 
bury  ;  Edwin  D.  Graves,  of  Middletown  ;  and  David  C.  Sanford,  of 
New  Haven,  and  referred  to  the  membership  committee. 
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No  members  of  this  committee  being  present  it  was  voted  that 
the  president  appoint  a  special  membership  committee. 

The  President  appointed  Chas.  H.  Bunce,  E.  P.  Augur  and  Chas. 
M.  Jarvis. 

The  committee  reported  favorably  on  the  applications  of  Huber 
D.  Card,  Robert  P.  Lewis,  and  Edwin  D.  Graves,  and  recommended 
that  the  application  of  David  C.  Sanford  be  laid  over  for  future 
report. 

The  i*eport  of  the  committee  was  accepted,  and  Huber  D.  Card, 
Robert  P.  Lewis  and  Edwin  D.  Graves  were  declared  duly  elected 
as  active  members. 

Mr.  Edwin  D.  Graves  then  read  a  paper  describing  the  new 
bridge  now  being  built  across  the  Connecticut  river,  between 
Middletown  and  Portland,  and  exhibited  a  number  of  plans  and 
photographs  illustrating  it. 

This  paper  will  be  found  printed  in  this  book  with  additional  data 
collected  on  the  work  since  the  meeting. 

The  meeting  then  adjourned  for  the  purpose  of  inspecting  the 
work  on  the  bridge. 

The  members  then  enJbarked  on  the  steam  tug  J. "Warren  Coulston, 
which  was  placed  at  the  service  of  the  Association  through  the  kind- 
ness of  Mr.  C.  C.  Goodrich,  general  manager  of  the  H.  and  N.  Y. 
Transportation  Co.,  and  were  taken  to  the  location  of  the  bridge. 
Here  an  opportunity  was  aftorded  to  view  the  different  methods 
employed  on  the  substructure.  Through  the  courtesy  of  Mr. 
fVederick  De  Peyster,  general  manager  of  the  Shaler  &  Hall  Quarry 
Co.,  at  Portland,  a  lunch  furnished  by  the  contractors  for  the 
bridge,  The  Berlin  Iron  Bridge  Co.,  of  East  Berlin,  Conn.,  and 
Dean  and  Westbrook,  of  New  York  city,  was  served  in  the  quarry 
company ^s  office. 

After  taking  a  view  of  the  Connecticut  river  from  the  second- 
story  window  of  the  office  building,  the  members  were  shown  about 
the  quarry. 

The  party  again  boarded  the  tug  and  were  taken  to  the  centre  pier 
where  the  stone  were  being  laid. 

After  returning  to  the  Portland  dock,  most  of  the  party  were 
taken  in  teams  to  a  section  of  road  being  macadamized  under  the 
direction  of  the  Sfcate  Highway  Commission. 
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TWELFTH  ANNUAL  MEETING 

OF  THE 

Connecticut  Civil  Engineers  and  Surveyors  Association 

HSLD  AT 

HARTFORD,  CONN..  JANUARY  14.  1896. 


The  twelfth  animal  meeting  of  the  Association  was  held  at  City 
Hall,  Hartford,  Conn.,  January  14,  1896. 

The  meeting  was  called  to  order  at  10.30  a.  m.  by  President  Wil- 
liam G.  Smith,  the  following  members  being  present: 

Henry  L.  M.  Ladd,  Norwich;  Edwin  P.  Augur,  Middletown; 
Geo.  H.  Bishop,  Middletown;  D.  E.  Bradley,  East  Berlin;  Chas. 
H.  Bunce,  Hartford;  L.  W.  Burt,  Hartford;  Wm.  H.  Cadwell, 
New  Britain;  R.  A.  Cairns,  Waterbury;  Charles  E.  Chandler, 
Norwich;  Geo.  K.  Crandall,  New  London;  Hiram  Cook,  Norwich; 
L.  E.  Daboll,  New  London;  Henry  L.  Davis,  Wallingford;  Burr 
K.  Field,  East  Berlin;  B.  H.  Hull,  Bridgeport;  Robert  S.  Hurlbut, 
West  Winsted;  Charles  M.  Jarvis,  EJast  Berlin;  Hiram  G.  Loomis, 
Hartford;  J.  M.  McKenzie,  Southington;  Theodore  H.  McKenzie, 
Southington;  John  T.  McKnight,  Rockville;  Alexander  D.  McLean, 
Wallingford;  Wm.  H.  Olmsted,  East  Hartford;  Wm.  B.  Palmer, 
Bridgeport;  Geo.  H.  8age,  East  Berlin;  Wm.  G.  Smith,  Water- 
bury;  A.  R.  Wadsworth,  Farmington;  Edwin  D.  Graves,  Middle- 
town,  and  Huber  D.  Card,  Wiilimantic. 

The  reading  of  the  minutes  of  the  last  meeting  was  dispensed  with. 

The  secretaiy  then  read  his  report  as  follows : 
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SECRETARY'S  REPORT- 


New  London,  Conn.,  January  14th,  1896. 

To  the  Officers  and  Members  of  the  Connecticut  Civil  Engineers  and  Sur- 
veyors Association : 

Gentlemen:— The  proceedings  of*  our  last  annual  meeting  and 
the  summer  meeting  held  at  Waterbury  have  been  printed  and  dis- 
tributed among  the  members.  Eleven  hundred  copies  were  printed 
and  most  of  them,  not  sent  to  the  members,  have  been  sent  to  other 
engineering  societies  in  exchange  for  theirs.  As  one  of  the  societies 
with  which  we  hav6  exchanged  for  several  years  has  given  up  their 
publication  we  have  about  two  hundred  copies  of  our  last  report  on 
hand.  However,  these  may  be  needed,  as  there  seems  to  be  a 
growing  demand  for  our  publication,  and  it  would  be  well  to  have  a 
supply  on  hand.  An  order  was  received  during  the  past  year  for 
more  of  the  1894  reports  than  were  on  hand,  and  there  are  several 
editions  very  low,  and  one  entirely  exhausted. 

A  very  interesting  meeting  was  held  at  Middletown  on  the  24th 
of  October,  where  the  work  on  the  new  bridge  across  the  Connecticut 
river,  from  Middletown  to  Portland,  was  shown  and  explained. 

A  very  interesting  description  of  the  bridge  was  read  by  Edwin 
D.  Graves,  the  engineer  in  charge  of  the  construction. 

It  is  hoped  that  this  paper  will  be  added  to  before  being  printed 
so  that  we  may  have  a  more  complete  description  of  the  work  which 
has  been  done  since  the  meeting. 

The  trip  about  the  brown  stone  quarries  of  the  IShaler  &  Hall 
Quarry  Co.  at  Portland  was  very  interesting,  and  showed  many 
improvements  since  the  Association  visited  them  in  1885. 

There  have  been  six  members  admitted  during  the  past  year,  and 
two  have  withdrawn. 

Our  membership  now  comprises  7  honorary  members,  3  contri- 
buting, and  77  active  members,  making  a  total  of  87. 

There  are  at  the  present  time  24  members  who  are  in  arrears  in 
the  payment  of  dues,  and  in  this  list  are  several  who  have  not 
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attended  any  of  our  meetings  for  several  years,  and  who  have  appar- 
ently taken  no  interest  in  the  Association,  as  well  as  two  who  are  in 
parts  unknown.  It  would  seem  that  such  members  might  well  be 
dropped  from  the  roll.     The  amount  unpaid  to  date  is  $254. 

The  secretary  hereby  acknowledj^es  the  valuable  assistance  ren- 
dered by  the  president  and  executive  committee  during  the  past 
year.  Respectfully  submitted, 

GEO.  K.  CRANDALL,  Secretary 

It  was  voted  that  the  report  be  accepted  and  approved,  and  ordered 
printed  in  the  annual  report  of  the  Association. 
The  treasurer  then  submitted  his  report  as  follows : 


TREASURER'S  REPORT, 

For  Year  Ending  January  14,  1896. 


Geo.  K.  Crandall,  Treasurer,  in  account  with  the  Connecticut 
Civil  Engineers  and  Surveyors  Association. 


RECEIPTS. 

Gash  on  hand  January  8th,  1895     $91.01 

Received  from  advertisemento 204.00 

••        for  reports  sold 4.20 

«•  dues 229.00 

$528.21 

DISBURSEMENTS. 

Use  of  hall  at  Hartford $  10.00 

Use  of  stereopticon  at  Hartford  10.00 

Janitor  at  Hartford 2.00 

Stenographer  at  Hartford 13.00 

Printing 223.60 

Postage  and  envelopes. 21.96 

Stationery 7.30 

Freight  and  cartage 7.41 

Geo.  K.  Crandall,  salary  as  secretary 25.00 

Cash  on  hand  January  14,  1896 207.94 

$628.21 

Respectfully  submitted, 

GEO.  K.  CRANDALL,  Treasurer, 


10  CONNECTICUT  CIVIL  ENGaNEERS 

Hartford,  January  14,  1896. 
This  is  to  certify  that  we  have  examined  the  accounts  of  Geo.  K. 
Crandall,  treasurer,  comparing  the  bills  with  vouchers  for  same  and 
find  them  correct,  we  have  also  examined  the  bank  book  and  find 
the  credit  as  shown  by  report  to  agree  with  balance  in  bank. 

Respectfully  submitted, 

Wm.  G.  Smith, 

C.  H.  BUNCE, 

W.  B.  Palmer, 
R.  A.  Cairns. 


Executive 
Committee. 


It  was  voted  that  the  report  of  the  treasurer  be  accepted  and 
approved  and  ordered  printed  in  the  annual  report. 

An  application  for  membership  was  received  from  Roswell  Atkins 
of  Bristol,  Conn.,  and  referred  to  the  committee  on  membership. 

Upon  the  recommendation  of  the  secretary  it  was  voted  that  in 
future  to  parties  outside  the  Association  and  **  exchanges,*'  the 
price  of  fifty  cents  be  charged  for  each  copy  of  the  reports  of  the 
Association  and  that  the  price  be  printed  upon  the  reports.  Upon 
the  recommendation  of  the  president  it  was  voted  that  the  secre- 
tary have  250  copies  of  the  constitution  and  by-laws  of  the  Associa- 
tion printed. 

After  a  full  discussion  it  was  voted  that  the  secretary  be  in- 
structed to  prepare  an  amendment  to  the  constitution  making  the 
number  of  members  necessary  for  a  quorum  for  the  election  of 
officers  eleven  instead  of  the  present  number. 

The  secretary  reported  that  there  were  some  members  who  were 
in  arrears  on  dues  three  and  four  years,  and  that  they  did  not  attend 
the  meetings.  He  asked  for  instructions  as  to  dropping  or  continu- 
ing their  names.  After  a  full  discussion  it  was  decided  not  to  take 
any  action  in  the  matter,  but  to  leave  the  decision  to  the  discretion 
of  the  secretary. 

The  Association  then  proceeded  with  the  election  of  officers  with 
the  following  result,  John  T.  McKnight  and  Wm.  H.  Olmstead 
acting  as  tellers : 
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Wm.  G.  Smith.  Waterbury, PresiderU 

B.  A.  Cairns,  Waterbury.  ...  -  First  nce-President 
h.  W.  Bust,  Hartford,  ...  -  Second  Vice-President 
Gbo.  K.  Gbakdall,  New  London,  -  -  Secretary  and  Treasurer 
L.  E.  Daboix,  New  London,         -         -        -        -      Assistant  Secretary 

EXECUTIVE  COMMITTEE. 

Wm.  G.  Smith, Waterbnry 

C.  H.  BuMOB, Hartford 

Wm.  B.  Palmbb, Bridgeport 

P.  W.  LaFobob, Waterbnry 

R.  A.  Caibms, Waterbury 

MEMBERSHIP  COMMITTEE. 

Chas.  E.  Chandlbb, Norwich 

Wm.  H.  Olmstbao, East  Hartford 

Wm.  H.  Caowbix,  New  Britain 

President  Smith  then  read  the  annual  address  of  the  president. 

PRESIDENT'S  ADDRESS. 

Following  the  custom  set  by  my  predecessors  I  present  for  your 
attention  a  summary  of  the  engineering  work  for  the  past  year,  as 
reported  by  the  members  and  gathered  from  other  available  sources. 

Under  the  head  of  steam  railways,  the  work  now  in  progress  by 
the  New  York,  New  Haven  and  Hartford  Railway  Company  con- 
tinues in  magnitude  and  money  value  to  exceed  all  others,  and  from 
information  kindly  furnished  by  the  chief  engineer,  Mr.  F.  S.  Cur- 
tis, include  the  following:  Changes  in  line  and  grades,  and  the 
building  of  additional  tracks  on  the  New  York  division  between  the 
New  York  state  line  and  the  westerly  town  line  of  Stamford,  a  dis- 
tance of  about  seven  miles.  Although  commenced  in  1893,  this  work 
was  only  completed  and  put  in  operation  last  summer.  In  these 
improvements  the  grades  were  reduced  to  a  maximum  of  thirty  feet 
per  mile,  and  the  curvature  to  radius  not  exceeding  2.865  feet.  In 
making  the  change  in  line  there  has  been  a  reduction  of  forty-seven 
degrees  in  curvature.  The  amount  expended  during  the  year  on 
this  work  was  about  $600,000. 

Through  Stamford,  between  the  easterly  and  westerly  town  lines, 
work  was  commenced  this  last  summer  and  is  now  under  way,  with 
the  expectation  that  it  will  all  be  completed  and  ready  for  use  during 
this  year.     There  has  been  expended  on  this  work  about  $125,000. 
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Between  the  easterly  town  line  of  Stamford  and  the  westerly  town 
line  of  South  Norwalk,  a  distance  of  about  six  miles,  the  line  has 
been  changed,  grades  reduced,  and  the  four  tracks  completed  and 
put  in  use.  This  work  was  also  commenced  in  1893,  but  finally 
completed  and  put  in  operation  last  summer.  There  has  been  ex- 
pended on  this  work  about  $85,000.  The  work  of  elevating  the 
tracks  through  the  city  of  South  Norwalk  on  both  the  New  York  and 
Danbury  divisions  is  now  under  way,  on  which  there  has  been  an 
expenditure  of  about  $500,000.  It  is  expected  that  by  April  1st  all 
this  will  be  completed. 

The  completion  of  the  work  now  under  way  will  finish  the  improve- 
ment of  grades  and  lines  and  the  construction  of  the  additional  tracks 
between  New  York  and  New  Haven,  with  the  exception  of  through 
the  city  of  Bridgeport,  about  four  and  one-fourth  miles.  In  this 
work  there  has  been  eliminated  between  the  New  York  state  line 
and  the  westerly  town  line  of  Stamford  five  grade  crossings  j  between 
Stamford  and  South  Norwalk  six,  and  through  the  city  of  South 
Norwalk  two  on  the  New  York  division  and  three  on  the  Danbury 
division.  The  New  York  division  of  four  tracks  is  ballasted  with 
broken  stone  and  laid  with  rails  weighing  one  hundred  pounds  per 
yard.  On  the  Air  Line  division  there  is  work  now  in  progress  be 
tween  Middletown  and  Willimantic,  improving  the  alignment  and 
grades,  and  also  the  building  of  four  or  five  miles  of  second  track  east 
of  Middletown.  There  has  been  expended  on  this  work  about 
$50,000.  At  the  junction  of  the  Hartford,  Air  Line  and  Shore 
Line  divisions  in  New  Haven  the  company  has  extended  its  yard 
facilities,  grading  the  ground  and  laying  about  ten  •  miles  of  addi- 
tional sidings. 

Improvements  have  also  been  made  at  Berlin,  in  the  station  and 
track  arrangements,  so  as  to  permit  the  train  service  to  run  direct  be- 
tween Middletown  and  New  Britain.  The  company  has  also  built  a 
new  engine  house  and  turn-table  and  made  a  number  of  track  changes 
at  New  Milford,  on  the  Berkshire  division,  at  a  cost  of  about 
$17,000.  Also  on  the  Wilson's  Point  branch  of  the  Danbury  divi- 
sion, an  engine  house  of  about  ten  stalls  has  been  constructed  at  a 
cost  of  about  $22,000. 

The  electric  railways  have  not  been  conspicuous  by  construction 
of  any  great  magnitude  the  past  year.  The  Hartford  Street  Railway 
Co.  are  operating  their  entire  line  by  electrical  power,  and  accordmg 


AND   SURVEYORS  ASSOCIATION.  13 

to  latest  reports  there  is  now  no  horse  railway  in  operation  in  this 
state.  Eixtensions  have  been  surveyed  for  several  lines.  Water- 
bury  to  Waterville  three  miles;  from  Love  Lane  on  the  Hartford, 
Manchester  and  Rockville  line  to  the  town  line  of  Vernon  five  miles; 
they  have  also  completed  a  power  station  at  a  cost  of  $38,000.  From 
Norwich  to  New  London  about  eleven  miles.  The  line  between  New 
Britain  and  Berlin,  about  four  miles,  has  been  completed,  and 
several  lines  surveyed  between  New  Britain  and  Hartford  for  future 
extensions :  a  line  has  also  been  surveyed  from  Middletown  to  Crom- 
well, two  and  one-half  miles.  The  Norwich  Street  Railway  Co. 
have  laid  out  Sachem  park  of  thirty  to  forty  acres,  costing  about 
$10,000,  and  containing  athletic  grounds,  lake,  etc.,  being  but  a 
short  distance  from  the  spot  where  tradition  says  Uncas  the  Sachem 
of  the  Mohegans,  executed  Miantonomoh,  Sachem  of  the  Narragan- 
setts.  The  Bristol  and  Plain ville  Tramway  Co.  have  completed  their 
line  the  past  season,  about  seven  miles,  including  a  branch  to  Lake 
Compounce.  The  future  construction  of  new,  and  extensions  of 
existing  electric  railways  will  depend  largely,  in  the  writer's  opinion, 
on  the  earning  capacity  of  those  now  in  operation ;  so  far  they  have 
not  proved  a  bonanza  for  the  investor.  A  new  factor  has  entered 
the  electrical  field  the  past  year  in  the  form  of  the  New  York,  New 
Haven  and  Hartford  Railway  Co.,  acquiring  local  railways,  apparently 
for  strategic  purposes.  \ 

In  sewer  work  there  has  been  reported : 

Norwich,  1,000  lineal  feet  15"  pipe  to  30"  brick,  costing  $1,800. 

Putnam,  10"  to  24",  about  1,500  feet. 

Willimantic,  about  $300  worth. 

Hartford,  about  6,000  feet,  ranging  from  12"  to  30"  diameter,  at 
cost  of  $11,400. 

Waterbury,  about  two  miles  of  pipe  sewers. 

Wallingford,  3,100  feet  12"  to  18",  cost  about  $2,000. 

New  Haven,  six  miles,  costing  about  $100,000,  with  contemplated 
work  this  year  amounting  to  $100,000. 

Meriden  ten  new  sewer  beds  at  sewage  disposal  farm,  requiring 
removal  of  32,500  cubic  yards  of  earth;  14,700  lineal  feet  of  pipe 
sewers  8"  to  12",  costing  $31,700. 
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New  Rochelle,  N.  Y.,  by  a  member  of  this  Association,  three  miW 
of  sewers. 

Bristol,  a  complete  system  of  sewers  with  purification  works,  hart 
been  completed  the  past  season,  at  a  cost  of  $95,000. 

East  Hartford,  about  2,000  feet  of  10"  pipe  sewer,  cost  $1,000 

Rockville^  a  complete  system  of  sewerage  has  been  designed  and 
is  now  in  process  of  construction,  amounting  to  about  twelve  mil*-^ 
and  costing  about  $125,000. 

Under  the  head  of  water  works  may  be  mentioned  a  $16,000  filter 
which  has  been  constructed  by  one  of  our  members  for  the  Soutfc 
Norwalk  water  works;  also  a  $20,000  dam  and  flume  for  the  Biffe 
warn  Woolen  3Iills ;  the  completion  of  the  works  for  the  city  oi 
Waterbury,  co^j^g  about  $100,000,  the  past  year,  and  a  total  ot 
about  $750,000;  LkJ^eville,  three  miles  of  pipe  laid,  and  contem 
plated  improvements  a^u^tujiting  to  $15,000;  plans,  surveys,  etc.. 
for  two  dams  for  water  powfei^at  East  Hampton,  costing  aVmt 
$3,000 ;  Jewett  City  Water  Co.  haV^  completed  works  costing  about 
$75,000 ;  surveys  and  plans  made  for^^'ater  supply  at  Eastern  Point. 
Groton ;  Farmington,  2,200  feet  G-incH^^P^P^  a^^  four  hydrants 
costing  $2,000 ;  Willimantic,  addition  to  puh^P^^S  P^»"^'  $15,00l> 
additional  water  pipe,  1,700  feet  laid;  Hartford,  ^^^  and  canal  for 
the  new  reservoir  completed,  cost  $45,000,  and  sur^^v^^^  being  madr 
for  a  new  SG-inch  main  to  Hartford  Spring  Brook' tol^^  Ccdair 
600  feet  long;  Southport,  surveys  for  water  works costi'iJj^^'-'^'^' • 
South  Manchester  Water  Co.,  constructed  a  filter  bediL  ^^^' 
$6,000;  New  London,  one  mile  of  12-inch  pipe  laid  to  ue\_  ^^^^ 
voir,  and  contemplate  constructing  a  dam  300  feet  long,  ll-  ^^' 
higrh;  Ansonia,  Ansonia  Water  Co.,  a  new  reservoir  flood i^  *^' 
acres,  dam  20  feet  high  and  411  feet  long. 

Under  the  head  of  paving  work  is  reported  as  follows : 

New  Haven,  three  miles  of  sheet  asphalt  and  one  mile  of  br?<* 
paving  contemplated  for  1896;  Ansonia,  laid  2,100  square  yards  I 
stone   blocks,    costing   $2.10   per  yard;    Hartford,    asphalt  bloc 
paving,  costing  $30,250;  Waterbury,  5,000  square  yards  granitJ 
block,  at  a  cost  of  about  $12,000  ;   Norwich,  laid  granite  blocks 
costing  $3,000;    Rockville,    1,178  square   yards  of  granite  blcx^k 
paving,  costing  $2. 16  ]>er  square  yard. 

A  number  of  small  bridges  have  been  constructed—Hartford,  ou*^ 
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o£  $10,000 ;  Willimantic,  iron  bridge  costing  $400  ;  Meriden, 
Plate  girder  bridge  over  Harbor  Brook  at  Camp  street  37J  feet 
long,  50  feet  wide,  10-foot  walks  roadway  and  walks  covered  with 
two  inches  of  asphalt,  cost,  with  abutments,  $5,200.  The  larger 
bridges  are  a  proi>osed  steel  bridge  at  New  Haven  of  four  50-foot 
fixed  spans  and  a  swing  span  giving  80  feet  clear  each  side  of 
center  pin.  The  largest  bridge  under  construction  at  the  present 
time  is  the  one  to  connect  Middletown  and  Portland,  crossing  the 
Connecticut  river,  of  which  a  complete  description  will  be  found  in 
paper  read  at  Summer  meeting.  It  is  also  contemplated  to  improve 
the  causeway  and  bridges  leading  from  East  Hartford,  at  an 
expense  of  $142,000. 

Under  miscellaneous  work  may  be  mentioned  the  town  line  be- 
tween Haddam  and  Durham  run  out  and  stone  monuments  set  at 
all  highways  and  angles;  surveys  at  Middletown  for  one-half  mile 
trotting  coui'se,  costing  to  construct  $2,500 ;  The  Rose  of  New 
England  Wheel  Club,  of  Norwich,  have  constructed  a  quarter-mile 
cinder  bicycle  path,  at  a  cost  of  $1,000  ;  a  small  private  railroad 
surveyed  for  a  manufacturing  company  in  Willimantic,  about  1,500 
feet  in  length.  A  large  amount  of  work  to  which  the  engineers  in 
general  have  to  report  is  of  a  general  character,  interesting  only  to 
himself  and-  clients.  Two  members  report  as  being  engaged  as 
experts  in  legal  cases.  One  member  was  engaged  making  a  rail- 
road survey  from  Boston  to  Watertown  for  the*  Fitchburg  Railway 
Co.,  about  three  months'  work. 

The  last  General  Assembly  passed  an  Act  entitled  **An  act  to 
provide  for  the  more  permanent  improvement  of  the  public  roads 
of  this  state.''  This  act  is  a  beginning  in  the  right  direction,  and 
has,  under  the  commission  created,  been  the  means  of  furnishing 
the  members  of  this  Association  with  considerable  employment. 
Through  the  kindness  of  the  State  Board  of  Highway  Commissioners 
I  am  enabled  to  append  to  this  address  a  complete  list  of  towns  that 
have  completed  macadam  roads  this  year;  also  those  towns  that 
have  not  completed  their  roads,  as  well  as  those  that  have  con- 
jtracted  to  have  them  completed  by  July  1st,  1896.  Thirty-five 
towns  have  completed  contracts  for  macadam  roads,  and  will  receive 
from  the  state  $30,643.25.  The  amount  allotted  to  other  towns 
and  due  in  December,  1896,  is  $44,280.39,  a  total  from  appropria- 
tion of  1895  of  $74,  923.64.     About  two-thirds  of  the  engineering 
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work  required  on  these  roads  was  furnished  by  the  members  of 
this   Association,  and  as  reported  by  the   members  a  few  of  the 
roads  will  be  of  general  interest  on  account  of  details  of  cost  of 
construction.     Town  of  Norwich,  1,700  feet  of  road,  7  inches  deep, 
foundation  of  local  stone,  top-dressed  with  trap  rock  screenings  at 
cost  of  90  cents  per  square  yard.     Town  of  Preston  same  as  Nor- 
wich, costing  $2,850.     Town  of   Griswold,   road  16  feet  wide,  6 
inches  deep,  local  stone,  $1  per  lineal  foot.     Town  of  Voluntowii, 
16  feet  wide,  6  inches  deep,  $1.43  per  lineal  foot.     Town  of  Pom- 
fret,  telford  road,  12  inches  deep,  18  feet  wide,  $1.79  per  lineal 
foot.     Town  of  Putnam,  22  feet  wide,   2,100  feet  long,  including 
cobble  gutters  3  feet  wide,  $2.18  per  lineal  foot,   foundation  of 
local   stone.     Town  of  Southington,  road  20  feet  wide,  6    inches 
deep,  2,350  feet,  cost  $1.15 J  per  square  yard.     Town  of   Rocky 
Hill,  1,515  feet,  8  inches  deep,  16feet  wide,  cost  $1.28^  per  square 
yard.     It  is  plainly  evident  from  the  tenor  of  replies  received  that 
nearly  all  the  members  of  this  Association  have  had  a  busy  and 
prosperous  year;  also,  while  not  by  any  accident  of  fortune,  they 
become  engineers  of  a  Brooklyn  bridge,  they  can  build  a  bridge  at 
Middletown,  and  commence  the  construction  of  the  East  Hartford 
bridge,  although  by  an  accident  of  fortune  they  may  never  com- 
plete it,  and  while  the  members  of  this  Association  are  expected  to 
be  prepared  to  do  anything  when  called  upon,  it  is  the  everyday 
wants  of  life  which  have  to  be  satisfied.     To  do  this  well  requires 
skill  and  knowledge,  and  while  not  acquiring  great  wealth,  he  has 
the  assurance,  when  the  time  comes  to  render  his  last  account,  that 
he  has  been  a  useful  member  of  society. 

In  conclusion,  I  wish  to  express  my  thanks  to  the  members  of  the 
Association  who  have  taken  such  kindly  interest  in  its  affairs  and 
have  responded  so  generously  to  appeals  for  assistance.  We  com- 
mence the  year  in  a  favorable  and  flourishing  condition,  as  you  will 
find  by  referring  to  the  secretary's  report.  I  also  call  attention  to 
the  services  of  our  efficient  secretary  and  treasurer,  who  has  nobly 
stood  up  under  the  burden  thrust  upon  him. 
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TABLE  NO.  1. 

RsooBD  OF  Cbbtificatss  Filed  With  thb  Comptbollbb  of  the  Statb,  Stating 

Amounts  Dub  thb  Following  Towns  fob  Boad  Gonstbuotion  Undbb 

Ghaftbb  CCCXV.  of  the  Gbnbbal  Statutes  of  1895. 


Counties. 

Towns. 

Amount 
AUotted 

,    Amount 
Awarded. 

Engineers. 

Addresses. 

Hftrtford 

Berlin 

$980.00 

$980.00 

W.  H.  Cadwell 

New  Britain 

*« 

Bloomfield 

980.00 

904.16 

Col.  E.  N.  Phelps 

Windsor 

•* 

Bristol 

980.00 

'        840.20 

Roswell  Atkins 

Windsor 

M 

Eofield 

980.00 

980.00 

G.  W.  Phelps 
Col.  E.  N.  Phelps 

Enfield 

a 

Granby 

659  66 

600.00 

Windsor 

«• 

New  Britain 

980.00 

927.00 

W.  H.  Cadwell 

New  Britain 

•* 

Newington 

739.33 

'        739.33 

W.  H.  Cadwell 

New  Britain 

«i 

PlaiDville 

980.00 

500.00 

W.  H.  Cadwell 

New  Britain 

(« 

Rocky  Hill 

661.33 

648.80iT.  H  McKenzie 

Bristol 

ft 

SonthiDgton 

980.00 

902.70|j.  M.  McKenzie 

Wallingford 

•« 

Wethersfield 

980.00 

516.11 

E.  L.  Burt 

Hartford 

New  Haven 

New  Hayen 

980.00 

980.00 

A.  B.  Hill 

New  Hayen 

** 

AnsoDia 

980.00 

900.00 

D.  C.  Sunford 

New  Hayen 

(t 

Hamden 

980.00 

980.00 

A.  B.  Bill 

New  Hayen 

i< 

Milford 

980.00 

!        901.91 

Scofield  &  Starr 

Bridgeport 

(< 

North  Branford 

733.6(5 

733  66 

A.  B.  Hill 

New  Hayen 

** 

North  Hayen 

980.00 

958.68 

D.  C.  Sanford 

New  Hayen 

New  London 

New  London 

980.00 

892.50 

DaboU  &  Crandall 

New  Loudon 

«( 

Norwich 

980.00 

980.00 

C.  E.  Chandler 

Norwich 

(( 

Preston 

980.00 

942.66 

C.  E.  Chandler 

Norwich 

«« 

Stonington 
Fairfield 

980.00 

980.00 

Daboll  &  Crandall 

New  London 

Fairfield 

980.00 

978.76 

A.  B.  Hill 

New  Hayen 

«i 

New  Canaan 

980.00 

980.00 

J.  M.  Silliman 

New  Canaan 

«« 

Norwalk 

980.00 

92128 

C.  N.  Wood 

Norwalk 

Middlesex 

Cromwell 

980.00 

890.95 

E.  P.  Augur 

Middletown 

•« 

Durham 

700.00 

700.00 

E.  P.  Augur 

Middletown 

fi 

Essex 

980.00 

900  37 

T.  P.  Fordham 

Essex 

n 

Middlefield 

766.66 

766.66 

E.  P.  Augur            Middletown 

«( 

PorUand 

980.00 

916.66 

E.  P.  Augur 

Middletown 

« 

Saybrook 

980.00 

971.13 

E.  P.  Augur 

Middletown 

Litchfield 

Litchfield 

980.00 

910.83 

T.  L.  Jeuniogs 

Utchfield 

*« 

New  Milford 

980.00 

980.00 

Scofield  &  Starr 

Bridgeport 

<• 

TorriDgton 

980.00 

980.00  W.  M.  P.  Shelton 

Torrington 

Windham 

Brooklyn 

980  00 

980  00  Edgar  Clark 

Putnam 

Tolland 

Stafford 

980.00 

980.00.G.  T.  Fish 

Stafford 

Amount  awarded  on  1895  appropriation,  due  December,  1895 $30,643.25 

Amount  allotted  on  1895  appropriation,  due  December,  1895 44,280.39 

Total $74,923.64 
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TABLE  NO.  2. 


Rboobd  of  Amounts  Filed  With  thb  Cohptbollbb  of  the  State,  Statimo  the 

Sums  Allotted  to  the  Following  Towns  fob  Boad  Constbuction 

Undeb  Chaptbb  CCCXV.  of  the  Genebal  Statutes  of 

1895,  Cebtificates  to  Be  Issued  in 

Deceicbeb,  1896. 


Counties. 

Towns. 

Engineers. 

Addresses. 

Hartford 

East  Hartford 

$980.00 

W.  H.  Olmsted 

East  Hartford 

•* 

East  Windsor 

980  00 

J.  E.  Egan 

Windsor  Locks 

i( 

Farminffton 
Glastonbury 

980.00 

A.  B.  Wadsworth 

Farmington 

(< 

980.00 

L.  B.  Wilson  Co. 

Hartford 

<* 

Manchester 

980.00 

W.  H.  Olmsted 

East  Hartford 

it 

South  Windsor 

980.00 

Col.  E.  N.  Phelps 

Windsor 

(.< 

Snffield 

980.00 

J.  E.  Egan 

Windsor  Locks 

«< 

Weot  Hartford 

980.00 

C.  E.  Beach 

Elmwood 

«( 

Windsor 

980  00 

Col.  E.  N.  Phelps 

Windsor 

•• 

Windsor  Locks 

980.00 

J.  E.  Egan 

Windsor  Locks 

New  Haven 

Derby 

980.00 

Geo.  A.  Johnson 

(1 

Guilford 
Madison 

980.00 
980.00 

<< 

<< 

Menden 

980.00 

S.  C.  Pierson 

Meriden 

*» 

Middlebury 

400.00 

Wm.  G.  Smith 

Waterbury 

(( 

Orange 

980.00 



«( 

Seymour 

980.00 

D.  C.  Sanford 

New  Haven 

(1 

Wallin^ford 

980.00 

J.  T.  McKnight 

Wallingford 

41 
«l 

Waterbury 

Woodbridge 

Griswold 

980.00 
600.00 

W.  G.  Smith 

Waterbury 

New  London 

980.00 

C.  E.  Chandler 

Norwich 

*t 

Groton 

980.00 

DaboU  &  Crandall 

New  London 

»i 

Sprague 

980  00 

Huber  D.  Card 

Willimantio 

(< 

Voluntown 

383.00 

C.  E.  Chandler 

Norwich 

(» 

Waterford 

980.00 

Daboli  &  Crandall 

New  London 

Fairfield 

Darien 

980.00 

W.  B.  Cochrane 

Darien 

«« 

Greenwich 

980.00 

S.  C.  Minor 

Greenwich 

(( 

Bidgefield 
Stamford 

690.00 

(i 

980.00 

W.  B.  Cochrane 

Darien 

(1 

Stratford 

980.00 

Scofleld  &  Starr 

Bridgeport 

II 

Trumbull 

980.00 

Geo.  A.  Johnson 

i< 

Westport 
East  Haddam 

980.00 

Scofield  &  Starr 

Bridgeport 

Middlesex 

980.00 

E.  P.  Augur 

Middletown 

i« 

Middletown 

980.00 

E.  P.  Augur 

Middletown 

•« 

Old  Saybrook 

980.00 

E.  P.  Augur 

Middletown 

Liiohfield 

New  Hartford 

980.00 

II 

Plymouth 

980.00 

Bosweil' Atkins 

Bristol 

II 

Thomaston 

980.00 

W.  G.  Smith 

Waterbury 

Windham 

Killingly 
Plainfield 

980.00 

Geo.  W.  Pike 

So.  KiUingly 

i< 

980.00 

C.  E.  Chandler 

Norwich 

II 

Pomfret 

980.00 

C.  E.  Chandler 

Norwich 

11 
i< 

Putnam 

Thompson 

Somers 

980.00 
980  00 

C.  E.  Chandler 

Norwich 

Tolland 

980  00 

Geo*.  W.'Pike   ' 

Somers 

II 

Vernon 

980.00 
$42,253.00 

J.  T.  McKnight 

Ellington 
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TABLE  NO.  3. 
Balancb  Dub  Towns  on  Aixottmbnt  of  1895. 


Conntie*. 


Hartford 


New  Haven 

New  London 
t« 

Fairfield 
Middlesex 

•< 

i( 

Litchfield 


Towns. 


Bloomfield 

Bristol 

Granby 

New  Britain 

Plain  viUe 

Rocky  HiU 

Sonthington 

Wethersfield 

Ansonia 

Milford 

North  Haven 

New  London 

Preston 

Fairfield 

Norwalk 

Cromwell 

Essex 

Portland 

Saybrook 

Litchfield 


Allottments  as  shows  in  Table  2 . 


Total  allottments  due  December,  1896 

Amoants  awarded  on  1895  appropriation  due  December,  1895 


Total. 


Amoant. 


$75.84 

139.80 
69.66 
53.00 

480.00 

2.53 

77.30 

464.89 
80.00 
78.09 
21.42 
87  50 
37.34 
1.24 
68.72 
89.05 
79.63 
63.34 
8.87 
69.17 


$  2.027.39 
42,253.00 

$44,280.39 
30.643.25 


$74,923.64 


Huber  D.  Card,  city  engineer  of  Willimantic,  then  read  a  paper 
on  **  Geology — Its  Relation  to  Civil  Engineering.'' 

The  president  then  called  upon  Mr.  Hull,  of  Bridgeport  (the  first 
president  of  this  Association),  for  a  few  remarks.  Mr.  Hull 
responded  as  follows : 

Mr.  President  and  Gentlemen  : — I  did  not  expect  to  be  called 
upon  for  an  address,  yet  it  aftords  me  great  pleasure  to  meet  you 
here,  I  can  assure  you,  and  to  receive  your  kind  greetings  after  an  ab- 
sence from  two  of  our  meetings.  Association  of  this  kind  grows  more 
and  more  interesting  as  the  days  and  years  go  by.  We  describe  it  a 
big  thing  at  the  present  time.  It  was  only  a  child  a  few  years  ago, 
born  in  Bridgeport  some  twelve  years  ago,  and  by  many  thought  that 
it  was  only  a  child  of  a  few  months,  and  would  then  pass  away  and 
be  forgotten.     But  in  the  minds  of  all  present  here  to-day  it  is  a 
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very  healthy  child,  and  to-day  has  grown  into  manhood's  estate. 
In  our  own  ranks  we  find  engineers  and  surveyors  which  rank  equal 
to  any  of  the  states.  In  every  department  of  human  activity  the 
wide  world  over  where  honest  labor,  mental  or  physical,  is  to  be 
performed  and  in  the  foremost  ranks  are  to  be  found  the  engineer 
and  surveyor.  The  physical  ills  and  infirmities  that  human  life  is 
subject  to,  all  sanitary  matters  that  flesh  is  heir  to,  demand 
a  distinct  class  of  learned  and  able  men,  and  that  class  is  the  engi- 
neers. Our  water  works  system,  our  railroads  and  bridges  also 
demand  able  and  skilled  engineers,  who  by  patient  and  careful  study 
have  been  able  to  meet  all  these  cases  in  the  knowledge  of  their 
profession .  In  fact  the  engineer  is  the  most  prominent  of  all  the 
professions  in  the  improvement  now  going  on  for  the  well-being  of 
our  race  and  also  the  application  of  appropriate  works.  The  funda- 
mental principles  of  this  Association  was  based  ujion  the  general 
information  upon  all  engineering  topics  to  be  derived  from  the 
experience  of  the  members  of  the  Association,  as  in  law,  medical 
and  other  associations,  in  the  manner  of  papers,  and  discussion  of 
the  members  on  the  vanous  topics.  We  get  here  at  these  meetings 
much  information  upon  all  questions  in  relation  to  our  work.  Our 
social  relations  are  very  much  enlarged  at  these  meetings,  and  we 
meet  and  greet  each  other  with  brotherly  feelings,  and  in  fact  add 
new  life  to  us  all ;  and  we  say  we  are  glad  to  meet  each  other  at 
these  annual  meetings.  And  may  this  Association  continue  in  its 
good  work  long  after  the  speaker  has  ceased  from  toil  and  been  laid 
away  to  rest. 

The  meeting  then  adjourned  for  dinner. 

AFTERNOON    SESSION. 

The  afternoon  session  was  called  to  order  at  2.30  p.  m.,  and  Mr. 
Charles  E.  Chandler,  of  Norwich,  read  a  paper  on  the  improved 
highways  of  Connecticut,  taking  for  his  subject,  **A  Comparison  of 
the  Recent  Highway  Improvement  Laws  of  Connecticut,  Massa- 
chusetts and  Rhode  Island.'' 

This  was  followed  by  a  paper  by  E.  P.  Augur,  of  Middletown,  on 
**  Improved  Highways  in  Connecticut — Notes  and  Suggestions  Con- 
cerning Them  from  an  Engineer's  Standpoint.'' 
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These  two  papei-s  opened  the  way  for  a  general  discussion  on  the 
subject,  and  it  was  voted  that  the  Connecticut  State  Highway  Com- 
missioners who  were  present  have  the  liberty  of  the  floor.  The  dis- 
cussion and  the  remarks  of  Mr.  J.  H.  McDonald,  chairman  of  the 
State  Highway  Commission,  will  be  found  after  Mr.  Augur's  paper. 

The  secretary  then  read  a  paper  written  by  Edward  O.  Goss,  of 
Waterbury,  entitled  **  Floor  System  for  Factories.'^ 

Mr.  BlTNCE.  At  the  close  of  our  Middletown  meeting  the  break- 
ing up  was  of  a  very  informal  nature,  the  members  taking  different 
trains,  so  that  there  was  no  opportunity  for  the  Association  to  ex- 
press the  obligations  they  were  under  to  the  gentlemen  who  enter- 
tained us.  I  have  been  asked  to  offer  a  resolution  that  might  be 
spread  on  our  records: 

-'Re«oIvec1,  That  the  thncka  of  this  Association  are  offered  to  the  Berliu 
Bridge  Co.,  Messrs.  Dean  and  Westbrook  and  the  Shaler  &  Hall  Qnarry  Go.  for 
the  entertainment  afforded  this  Association  at  its  autumn  meeting  in  Middle- 
town." 

This  resolution  was  passed  unanimously. 

Mr.  Davis.  I  move  that  a  copy  of  the  vote  be  sent  to  each  of 
the  parties.     Approved. 

The  meeting  then  adjourned. 


The  president  has  appointed  the  following  special  committees  for 
the  ensuing  year  : 

FIELD  WORK. 
A.  F.  SpBNCBR,  C.  V.  Prndleton. 


A.  J.  Patton, 

J.  K.   WiLKSS, 

J.  M.  MoKcNziB, 

C.  £.  Chamdlbb, 

D.  £.  Rbadlbt, 
Ghas.  H.  Bunob, 


SEWERAGE. 
E.  P.  AuGUB,  W.  8.  Clark. 

RAILROADS. 
W.  H.  Cadwbll,  W.  H.  Olmbtbad. 

ROADS  AND  ROAD  MAKING. 

Gbo.  K.  GRANDAiiii,  W.  B.    Palmer. 

MASONRY. 
E.  H.  Phipps,  a.  R.  Wadsworth. 

LAW. 
Oh  AS.  M.  Jabtis,  B.  K.  Field. 
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THE  MIDDLETOWN  AND  PORTLAND  BRIDGE. 

BY  E.  D.  (iRAVES,  MIDDLETOWN,  CONN. 


The  Middletown  and  Portland  Bridge  Company  was  incorporateil 
at  the  January  session  of  the  General  Assembly,  A.  D.  1893,  for  the 
purpose  of  constructing  a  bridge  over  the  Connecticut  river,  between 
the  towns  of  Middletown  and  Portland.  This  act  located  the  center 
line  of  the  bridge  1,500  feet  north  from  the  present  Air  Line  rail- 
road bridge,  and  fixed  the  length  of  the  draw  span  at  400  feet,  which 
would  have  given  185  feet  clear  water  way  on  each  side  of  the  center 
pier.  This  act  was  amended  at  the  January  session,  A.  D.  1895, 
by  changing  the  location  to  a  point  about  800  feet  north  fix)m  the 
present  Air  Line  bridge,  and  changing  the  length  of  the  draw  span 
to  450  feet,  thus  giving  a  clear  water  way  on  each  side  of  the  center 
pier  of  200  feet.  This  latter  location  coincides  exactly  with  the 
present  landings  of  the  Middletown  Ferry,  and  is  the  line  on  which 
the  bridge  is  now  being  constructed. 

All  the  rights,  pro[)erties,  and  franchises  of  the  Middletown  F'err}' 
(vompany  have  been  acquired  by  the  Middletown  and  Portland  Bridge 
Company  by  actual  purchase,  and  the  Bridge  Company  have  operated 
the  ferry  since  September  1st,  and  will  continue  to  do  so  until  the 
bridge  is  ready  for  travel. 

SURVEYS. 

Preliminary  surveys  on  the  first  line  were  made  during  the  autumn 
of  1898,  and  the  character  of  the  river  bed,  depth  of  water,  and  out- 
line of  the  river  banks  were  verj-  carefully  determined  for  nearly 
one-quarter  of  a  mile  up  and  down  the  river,  thus  giving  a  fairly 
good  idea  of  nearly  any  location  which  might  be  adopted  in  these 
limits,  consequently  very  little  preliminary  work  was  necessary  on 
the  new  line.  A  profile  of  the  river  bed  was  made  in  the  early 
summer  of  1895,  and  from  this  profile  and  the  original  map  made 
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two  years  before,  the  final  plans  for  the  complete  structure  were 
worked  up,  showing  a  bridge  1,300  feet  long,  made  up  of  two  spans 
225  feet  each,  two  spans  200  feet  each,  and  one  draw  span  450  feet. 
These  plans  were  approved  by  the  war  department  in  the  summer 
of  1895,  which  plans  are  now  being  followed  in  the  construction  of 
the  bridge. 

Actual  surveys  for  beginning  work  were  commenced  about  August 
1st,  of  1895,  and  an  accurate  profile  of  the  river  bed  showing  the 
depths  of  water  on  the  adopted  lino  of  the  bridge  was  prepared.  The 
datum  used  in  all  the  surveys  and  shown  on  the  plan  is  assumed  as 
elevation  100.00  for  mean  high  water  at  its  ordinary  stage.  This 
elevation  (100.00)  is  equal  to  the  zero  mark  on  the  tide  gauge  now 
in  use.  The  elevation  of  the  bridge  floor  is  128.50;  of  1854  freshet 
is  122.50 ;  of  1895  freshet  117.30 ;  ordinary  low  wat«r  97.50 ;  extreme 
low  water  96.00;  all  of  which  is  shown  in  the  detail  plans.  The 
soundings  along  the  center  line  were  located  by  angles  taken  from 
the  shore,  one  instrument  being  set  on  the  center  line  of  the  bridge, 
and  the  other  instrument  on  the  foot  of  the  island  over  a  point  which 
had  previously  been  located  by  angles  from  a  base  line  on  the  shore . 
This  point  has  also  been  used  during  the  work  for  turning  off  angles 
as  a  check  on  those  from  the  end  of  the  base  line  itself.  The  sound- 
ings were  taken  at  distances  varying  from  20  to  40  feet  apart  along 
the  center  line. 

For  the  final  location  of  the  piers,  a  base  line  750  feet  long  wa> 
very  carefully  established,  making  an  angle  of  83*^-22'  with  the  center 
line  of  the  bridge,  and  running  along  the  west  bank  of  the  river 
nearly  to  the  Air  Line  railroad  bridge.  This  line  as  well  as  the 
center  line  of  the  bridge  was  permanently  located  by  large  posts  set 
some  5  feet  into  the  ground  with  copper  plates  on  the  top,  on  which 
the  exact  lines  was  scratched.  For  measuring  the  base  line  sup- 
ports for  the  tape  were  erected  25  feet  apart  with  the  tops  accurately 
leveled.  The  measuring  was  done  with  a  300-foot  steel  tape  which 
had  previously  been  standardized  at  Washington  by  the  Department 
of  Standard  Weights  and  Measures,  who  state  the  results  of  the 
tests  of  each  tape  in  a  certificate,  giving  the  error  in  the  length  of 
the  tape  when  supported  throughout  its  entire  length  under  a  pull  of 
10  pounds  and  corrected  to  a  temperature  of  62  degrees.  A  100- 
foot  (^hesterman  tape  was  also  tested  and  found  to  be  about  .17  of 
one  inch  too  long   under  a  pull  of   8  pounds,  entirely  supported. 
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These  two  tapes  agree  with  each  other  very  well,  and  it  plainly  shows 
a  difference  between  the  United  States  department  and  the  manu- 
facturers, as  to  the  proper  amount  of  tension  to  give  a  tape  in  test- 
ing, when  entirely  supported.  One  prominent  manufacturer  claim- 
ing that  2  pounds  is  the  proper  amount  of  tension  to  give  a  100-foot 
tape  when  entirely  supported,  where  the  United  States  department 
use  8  pounds  in  their  standardizing  tests.  It  would  seem  that  some 
action  should  be  taken  by  engineers  to  reconi*ile  the  difference,  as 
nearly  any  tape  on  the  market  will  test  long  at  Washington.  The 
base  line  was  measured  six  times  with  this  tape  on  different  days, 
and  at  different  temperatures,  and  the  length  finally  adopted,  after 
applying  temperature  and  tape  error  corrections,  is  750.622  feet, 
which  length  is  used  in  all  the  calculations. 

The  location  of  each  pier  and  abutment  along  the  center  line  of 
the  bridge  has  been  carefully  figured  from  this  length  of  base  line, 
and  the  angle  between  the  center  line  of  the  bridge  and  the  base 
line. 

It  may  be  of  interest  to  state  here  that  all  of  the  triangulation  for 
surveys  and  final  location  of  piere  was  done  with  a  Buff  &  Berger 
engineer's  transit,  with  a  6"  horizontal  circle  reading  to  20",  and 
graduated  from  zero  to  360^  continuously. 

The  distances  from  pier  to  pier  have  been  measured  with  a  long 
tape  reaching  the  whole  span  at  one  measurement,  and  supported  its 
whole  length  by  the  bridge  false  work,  and  the  measurements  and 
estimated  distances  checked  within  .01  to  .08  of  a  foot  in  all  cases. 

FOUNDATION. 

A  number  of  tests  of  the  river  bed  were  made  by  driving  down 
an  iron  rod  18  to  30  feet,  which  determined  the  fact  that  pile  foun- 
dations would  be  necessary  at  all  ])oints  excepting  under  the  east 
abutment,  and  that  no  solid  rock  would  be  encountered  at  any  depth 
which  we  should  reach.  It  was  therefore  decided  to  adopt  the  type 
known  as  pile  and  grillage  foundations,  which  is  made  up  of  piles 
driven  in  the  river  bed  and  sawed  off  a  few  feet  above  the  bottom, 
then  floored  over  with  a  wooden  platform  or  grillage,  on  which  plat- 
form the  masonry  is  laid ;  the  top  of  this  platform  to  be  in  all  cases 
a  few  feet  below  extreme  low  water  mark. 
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PILING. 

About  70,000  lineal  feet  of  pilinpj  were  used  in  the  foundations  as 
permanent  work,  after  the  removal  of  all  waste,  etc.,  caused  by 
cutting  them  off  to  grade.  This  piling  was  paid  for  by  the  lineal 
foot  remaining  in  place  as  permanent  work,  with  no  allowance  to  the 
contractors  for  the  portion  cut  off  above  grade.  The  specifications 
for  piling  require  spruce  piles,  straight  and  sound  not  less  than  6" 
in  diameter  at  the  small  end,  driven  to  a  resistance  of  J"  penetration 
under  the  blow  of  a  1,600  pound  hammer  falling  12  feet.  This 
specification  required  driving  the  piles  from  20  to  33  feet  into  the 
river  bed  in  order  to  secure  the  necessary  resistance.  The  first  10  or 
12  feet  of  the  drive  was  comparatively  easy,  then  a  compact  gravelly 
stratum  is  encountered  which  gives  a  resistance  of  about  1"  to  2"  to 
a  blow  for  the  next  2  or  3  feet;  the  dri\nng  becomes  easier  for 
•)  or  6  feet  when  another  hard  layer  is  encountered  which  give.s  the 
required  resistance  of  A".  The  average  number  of  piles  driven  [)er 
day  is  about  16,  which  at  25  feet  average  drive  gives  about  400  lineal 
feet,  requiring  about  3,200  blows  or  an  average  of  about  (i  blows  per 
minute.  This  driving  figures  to  give  an  ultimate  resistance  of  56.1 
tons  per  pile  by  Trautwine's  formula,  or  a  safe  load  by  Col.  Saunders 
formula  of  28.8  tons.  The  actual  load  to  be  applied  when  the  bridge 
is  complete  is  about  14.4  tons  per  pile  on  the  swing  pier,  and  11 A 
tons  in  the  fixed  piers. 

The  piles  are  sawed  off  from  8  to  12  feet  below  low  water  by 
means  of  a  circular  saw  on  the  bottom  end  of  a  vertical  shaft  which 
is  rigidly  fixed  between  the  ginns  of  the  pile  driver  in  such  a  way 
as  to  be  readily  raised  and  lowered.  This  vertical  shaft  is  driven  by 
belts  from  the  same  engine  which  is  used  for  raising  the  hammer 
in  driving  the  piles.  The  saw  is  accurately  set  to  the  proper  elevation 
by  an  engineer's  level  from  the  shore,  and  on  account  of  the  constant 
rise  and  fall  of  the  tide,  it  was  necessary  to  test  the  elevation  of  the 
saw  for  each  pile ;  in  this  way  the  sawing  was  done  very  uniformly, 
the  variation  being  not  over  i".  The  best  rate  of  sawing  was  56 
piles  in  two  hours  on  October  8th. 

As  may  be  seen  from  the  detail  plans  of  the  different  piers,  the 
piles  were  sawed  off  at  elevations  varying  from  one  foot  below  the 
surface  of  the  river  bed  on  pier  No.  2,  to  about  5^  feet  above  the 
river  bed  on  pier  No.  3. 
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The  method  of  excavatiug  the  one  to  two  feet  of  sand,  at  pier  No. 
2,  so  as  to  allow  the  piles  to  be  sawed  off  at  the  established  grade, 
was  somewhat  novel  and  verj^  easy  and  effective.  • 


^ 


Gbnkbai.  View  from  West  End,  Dbckmbkr  12,  1895. 

A  tug  boat  was  brought  over  the  site  and  heavy  anchors  with 
strong  lines  attached  were  dropped  some  200  or  300  feet  astern, 
and  made  fast  to  the  tug.  Then  the  screw  propeller  wa.s  started 
full  speed,  which  drove  the  sand  some  20  to  40  feet  astern,  and 
2  or  3  feet  below  the  depth  of  the  screw  blades.  The  boat  was 
slowly  and  carefully  worked  forward  and  back  and  from  side  to  side, 
and  the  whole  pier  site  brought  to  an  even  depth  of  about  12''  below 
the  pile  heads.  In  this  way  50  to  60  cubic  yards  of  sand,  under  5 
or  6  feet  of  water,  was  moved  out  of  the  way,  at  a  very  little  expense, 
and  in  a  very  few  houi*s. 
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The  space  l>etweeu  the  river  bed  and  the  tops  of  the  piles  was  tilled 
in  solid  with  broken  stone  containing  from  J  to  1  cubic  foot  each, 
which  are  carefully  placed  and  levelled  by  a  diver,  who  also  sees  that 
no  stones  project  above,  or  rest  upon,  the  pile  heads.  After  the 
grillages  are  in  place  more  riprap  is  added  around  the  outside  of  the 
piers,  so  as  to  come  about  1  foot  up  on  the  grillage,  allowing  the 
stone  to  assume  their  natural  slope  away  from  the  pier,  extra  care 
being  taken  to  have  a  sufficient  amount  of  riprap  at  the  up  stream 
comers  of  the  piers.  This  riprap  is  simply  to  prevent  scouring  the 
bottom  by  the  increased  force  of  the  current,  due  to  the  obstruction 
of  the  waterway  by  the  pier,  and  in  no  case  is  it  figured  as  carrying 
any  load  of  the  pier  or  bridge. 

ORILLAiJES. 

The  grillages  are  made  up  of  12"  x  12"  hemlock,  each  course  laid 
at  right  angles  to  the  one  below  it,  and  securely  spiked  at  every  third 
intersection  with  f "  spikes  20"  in  length.  The  floor  of  the  grillages 
at  the  top  is  made  up  of  6"  x  12"  hemlock,  laid  crosswise  of  the  pier, 
and  spiked  with  12"  spikes.  These  grillages  were  all  framed  on  the 
land  and  launched  complete  with  all  the  joints  and  seams  in  the  6" 
floor,  tightly  caulked  and  pitched  to  form  a  water-tight  bottom  for 
the  caissons  which  were  added  afloat.  The  grillage  were  contracted 
for  by  the  foot,  board  measure,  sunk  in  ])lace  on  the  pile  heads. 

CAISSONS. 

In  order  to  lay  the  first  two  courses  of  masonry,  which  come  below 
the  surface  of  the  water,  caissons  were  required  for  all  except  the 
east  abutment.  The  caisson  for  the  swing  pier  was  40  feet  clear, 
inside  diameter,  and  10  feet  high.  The  toj)  being  about  2  feet  above 
ordinary  high  water.  The  caissons  for  the  fixed  piers  were  9  feet 
4  inches  wide  by  42  feet  long  in  the  clear  inside,  with  sides  6  feet 
high,  or  1  foot  above  ordinary  high  water.  The  caissons  for  pier's 
Nos.  i^  and  4  were  taken  off  and  used  again  on  piei-s  Nos.  1  and  2. 

Four  and  one-half  feet  of  masonry  was  laid  in  the  caisson  of  the 
swing  pier  while  at  the  dock,  which  loaded  it  down  to  within  about 
2  feet  of  the  pile  heads  at  high  water ;  it  was  then  towed  to  position 
over  the  piles  and  loaded  with  stone  until  it  sunk  at  low  tide,  and 
was  safe  from  nsing  at  high  tide.  The  caisson  for  pier  No.  I]  was 
sunk  entirely  by  loading  with  loose  stone,  but  it  was  found  trouble- 
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some  to  lay  the  masonrj^  with  all  these  stones  in  the  way.  On  pier 
No.  4  the  first  course  was  laid  complete -while  the  caisson  was  at  the 
dock,  then,  when  towed  to  position  over  the  piles,  but  few  additional 
stones  were  reijuired  to  land  the  caisson  at  low  tide.  This  last  method 
requires  much  more  care  in  sinking  the  caisson,  as  but  little  varia- 
tion can  be  allowed  in  the  position  of  the  pier  after  the  fii-st  course 
of  stone  is  laid,  but  on  account  of  the  great  inconvenience  in  laying 
the  stone  by  the  method  used  on  pier  No.  8,  the  last  way  of  sinking 
is  much  preferred. 

The  caissons  were  located  by  two  instruments,  one  on  the  center 
pier  of  the  bridge,  and  one  at  the  south  end  of  the  base  line  to  turn 
off  the  angles,  as  shown  on  the  triangulation  plan.  The  instrument 
on  the  center  line  of  the  bridge  is  also  used  to  get  the  pier  at  right 
angles  up  and  down  the  river  by  having  a  sight  tacked  to  each  edge 
of  a  caisson  where  the  center  line  of  the  bridge  should  be,  and  then 
bringing  both  of  these  sights  into  line  with  this  instrument.  As 
soon  as  the  caisson  is  landed  the  exa<;t  center  is  then  established  and 
instruments  set  up  on  the  pier  and  the  line  up  and  down  stream 
turned  off  at  right  angles,  and  the  exact  lines  for  the  next  courses 
of  stone  accurately  located  on  the  bottom  course. 

The  excavation  for  the  west  abutment,  which  varied  from  *]  to  20 
feet  in  dejith,  was  done  with  a  dredger,  which  gave  sufficient  depth 
of  water  to  use  a  floating  pile  driver,  and  lay  stone  with  a  floating 
derrick,  same  as  on  all  the  river  piers.  The  same  general  [)lan  of 
locating  and  sinking  grillage  was  followed  here. 

EAST   ABUTMENT. 

The  foundation  for  the  east  abutment  was  found  to  be  sufficiently 
firm  to  allow  starting  the  masonry  on  the  top  of  a  2- foot  bed  of  con- 
crete, the  bottom  of  which  is  at  an  elevation  of  100.50.  This  concrete 
was  made  of  one  part  Portland  cement,  three  parts  sand,  and  five 
parts  crushed  trap  rock  not  over  2"  in  size.  This  concrete  is  deposited 
in  6"  layers,  each  layer  being  well  rammed  in  [)lace  and  allowed  to  set 
24  hours  before  the  addition  of  the  next  layer. 

MASONRY. 

About  3,r)00  cubic  yards  of  Portland  brown  sandstone  were  used 
in  this 'masonry.  The  specifications  reijuire  the  courses  to  be  from 
24"  to  16"  on  the  abutments.    The  thicker  courses  being  always  at  the 
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bottom,  and  no  courses  being  allowed  thicker  than  the  one  imme- 
diately below  it.  The  stone  are  to  be  cut  to  lay  f "  joints,  18"  back 
from  the  face  on  the  beds,  and  12"  back  on  the  vei*tical  joints.  No 
stretchers  shall  have  less  bed  than  rise,  the  average  being  IJ  times 
the  rise.  No  course  shall  be  laid  over  8  feet  along  the  face  of  the 
work  without  a  header.  The  headers  cannot  be  less  than  6  feet  in 
length,  and  must  occupy  25  per  cent,  of  the  area  of  the  face.  Where 
the  thickness  of  the  piers  will  not  admit  of  ()-foot  headers,  shorter 
headers  are  allowed  with  a  cei*tain  proportion  of  through  headei-s. 
The  specifications  for  the  rubble  masonry,  which  is  used  in  tilling  the 
centers  of  the  piers  and  in  backing  up  the  abutments,  require  large 
sound  stone,  laid  so  as  to  be  well  bonded  together,  and  bedded  in 
cement  mortar.  This  matter  of  having  all  the  spaces  filled  solid 
with  mortar,  and  having  the  stones  well  bedded  without  spawls  on 
the  beds  is  a  ver>'  important  point,  and  one  which  requires  constant 
care  and  inspection  to  insure  it«  faithful  performance  by  any  con- 
tractor to  see  that  it  is  carried  out. 

FINISH    OP   STONE. 

All  the  ice  breakers,  copings  and  tops  of  parapet  walls  and  steps 
on  the  wing  walls  are  to  be  rough  pointed.  All  the  bridge  seats 
and  Ijearings  for  iron  work  are  to  be  bush  hammere<l,  and  all  cor- 
ners and  angles  to  have  a  2"  c^iisel  draft  line,  cut  to  the  true  batter 
of  the  pier. 

(^EiMENT. 

Portland  cement  is  used  in  all  the  courses  below  the  water,  and 
above  this  Rosendale  cement  is  used,  except  for  [)ointing,  which* 
requires  Portland  cement  mixed  with  one  part  sand.  The  mortar 
from  the  Portland  cement  is  made  in  the  proportion  of  24  to  1,  and 
from  the  Rosendale  cement  in  the  propoi'tion  of  2  to  1 .  A  verj' 
satisfactory  sand  is  obtained  from  the  river  bed  near  the  head  of 
the  island  above  the  bridge,  and  is  brought  to  the  work  in  scows. 
The  work  on  the  sub-structure  was  commenced  on  September  1st, 
and  completed,  except  the  pointing,  on  January  4th,  1896.  The 
contractors  were  not  allowed  to  do  the  pointing  in  freezing  weather, 
and  this  must  be  left  until  warm  weather  in  the  spring. 

The  number  and  length  of  the  spans  of  the  superstructure  were 
noted  in  the  beginning.  The  bridge  will  have  a  clear  roadway  of 
24  feet,  with  no  sidewalks  at  present;   but  coimections  are  provided 


34 


CONNECTICUT  CIVIL  ENGINEERS 


for  sidewalk  brackets  to  be  attached  to  the  outside  of  the  trasses 
later  on,  should  the  trafi&c  increase  to  such  an  extent  as  to  require 
them.  The  abutments  are  also  designed  so  that  the  walks  may 
easily  be  added  if  desired.  The  trusses  and  floor  system  are  de- 
signed for  a  live  load  of  100  pounds  per  square  foot,  and  for  one 
street  car  track  near  the  north  side  of  the  roadway.  The  fixed 
spans  are  regular  Pratt  trusses  with  curved  top  chords,  and  the 
draw  span    has  the  same  general  outline  of  truss,   with  the  ends 


Span  No.  4  Connected  Showing  False  Wobk  in  Place. 


rigidly  latched  in  position  when  the  draw  is  closed,  and  with  a  rim 
bearing  turn-table  for  swinging  the  bridge.  The  draw  will  be  oper- 
ated by  electric  motors  entirely.  It  is  estimated  that  lo  horse  power 
will  turn  the  draw,  but  a  25  horse  power  motor  will  be  provided  so  as 
to  have  ample  power.  The  same  motor  which  turns  the  bridge  will 
operate  the  levers  for  raising  the  end  of  the  bndge  when  closed,  the 
motion  being  changed  from  turning  to  raising  by  means  of  a  clutch. 
A  srcond  25  hoi'se  power  motor  will  be  provided  and  ready  for  use  in 
case   of  accident,     dates  will  be  placed  at  the  ends  of    the  fixeii 
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spans  adjac'eut  to  the  draw,  and  will  operaile  automatically,' closing 
when  the  draw  is  firmly  latched  in  position  again.  The  movements 
of  the  span  will  be  ver\^  rapid,  and  will  be  entirely  under  the  con- 
trol of  the  operator  by  the  simple  movement  of  an  electric  switch. 
The  entire  roadway  of  the  bridge  will  be  well  lighted  by  ele(*tric 
lights,  but  the  standard  government  requirements  will  be  strictly 
carried  out  in  the  method  and  style  of  signal  lighting.  The  cur- 
rents for  the  motors  and  the  lights  will  probably  be  supplied  from 
the  power  house  of  the  Middletown  Electric  Light  Co.,  by  means 
of  a  cable  laid  on  the  river  bed  and  coming  up  through  the  center 
of  the  casting  on  the  swing  pier.  This  draw  span  will  be  the 
longest  highway  drawbridge  in  the  world. 

The  iron  work  is  being  erected  on  pile  false  work  with  a  very 
effective  outside  hoisting  traveler,  which  runs  on  a  track  laid  on 
the  caps  of  the  false  work  piling  outside  the  line  of  the  bridge 
trusses,  and  is  sufficiently  high  in  the  clear  to  run  over  the  highest 
point  in  these  trusses. 

With  this  arrangement  both  trusses  of  a  225  foot  span  bridge 
were  raised  and  connected  so  as  to  be  self-supporting  in  three  days. 

At  the  present  writing  the  four  fixed  spans  are  practically  com- 
pleted, and  it  is  expected  that  the  whole  bridge  will  be  thrown  open 
to  the  public  by  March  15th,  1896.  Considering  the  amount  of 
work  and  the  season  of  the  year,  this  is  a  record  rarely  equaled. 
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GEOLOGY-ITS  RELATION  TO  CIVIL  ENGINEERING. 

BY  H.  I).  CARD,  WILLIMANTIC,  CONN. 


I  have  more  than  once  heard  the  remark,  that  the  combination  of 
geology  and  civil  engineering  was  something  out  of  the  ordinary,  and 
sufficiently  so  as  to  be  worthy  of  comment.  That  the  combination 
of  callings  is  a  novelty  among  the  members  of  this  Association  I  have 
no  doubt,  but  that  it  should  appear  strange  to  you  I  attribute  to  the 
fact  that  problems  of  a  geologic  nature  have  come  to  be  considered 
as  questions  properly  belonging  to  the  field  of  civil  engineering.  By 
this  paper  I  hope  to  show  that  the  combination  of  callings  is  not 
illogical  and  that  the  two  callings  bear  a  closer  relationship  than  is 
in  general  recognized. 

In  order  to  do  this  it  is  first  necessai*y  that  we  have  a  definition  of 
the  subject,  geology.  Ueolog}  does  not  alone  consist  of  an  acquaint- 
ance with  the  minerals,  or  of  a  knowledge  of  fossiliferous  remains, 
and  not  even  when  the  subject  is  conceived  to  extend  to  physiographic 
conditions  is  its  true  scope  realized .  The  best  definition  that  I  have 
read  is  given  by  Le  Conte :  *'  Geology  may  be  defined  as  the  history 
of  the  earth  and  itvS  inhabitants,  as  revealed  in  its  structure,  and  a* 
interpret-ed  by  causes  still  in  operation.'^ 

In  the  following  pages  I  will  quot«  freely  from  an  article  written 
by  Arthur  Winslow,  formerly  State  Geologist  of  Missouri,  in  which 
the  value  of  geology  to  an  engineer  is  well  analyzed  as  follows:  *'A 
knowledge  of  geology  to  the  engineer  is  properly  both  of  subjective 
and  objective  value.  That  is,  such  knowledge  can  be  made  to  add 
to  the  welfare  of  the  individual,  and  it  can  he  a  source  of  substantial 
contribution  to  the  science  of  geology,  and  it  is  of  indirect  value 
when,  by  means  of  such  knowledge  and  through  the  opi)ortunities 
offered  by  his  profession,  he  is  able  to  advance  himself  along  other 
lines.'' 

In  our  work,  although  the  engineer  often  does  not  recognize  the 
fact,  problems  of  a  geologic  nature,  whose  legitimat-e  place  is  in  the 
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domain  of  geology  repeatedly  appear.  It  is  probable  that  the 
frequency  of  their  appearance,  and  the  necessity  of  their  solution  by 
the  civil  engineer,  had  led  to  these  problems  being  considered  as 
properly  in  the  fields  of  civil  engineering,  and  their  true  geologic 
nature  has  been  overlooked,  but  when  extensive  works  are  to  be 
undertaken  their  nature  is  fully  recognized  and  the  professional  geol- 
ogist is  called  in  consultation. 

In  the  location  of  a  railway  the  geologic  knowledge  of  the  engineer 
may  be  of  great  value.  Wellington  remarks  in  his  Economic  Theory 
of  Railway  Location :  *  *  The  profit  on  a  railway  depends  first,  on  the 
judgment  shown  in  selecting  the  region  through  which  it  is  to  be 
built."  The  rocks  of  the  country  through  which  the  road  has  to 
pass  may,  and  probably  will,  offer  some  choice  as  regards  superiority 
for  building  purposes,  may  also  be  of  some  commercial  value,  and 
as  obstructions  to  be  removed,  are  of  great  importance,  hence  the 
road  should  be  so  located  in  relation  to  thes^  points  as  to  secure  the 
greatest  economy. 

In  the  matter  of  tunnels  some  rocks  give  a  wet  and  ragged  roof, 
portions  of  which  are  thrown  down  from  time  to  time  by  the  jar  of 
passing  trains,  while  other  rocks  furnish  a  dry,  smooth  roof  free 
from  danger  of  falling  stone.  The  dip  of  the  strata  through  which 
the  tunnel  is  made  controls  the  amount  of  rock  to  be  removed. 

To  illustrate  this  I  will  quote  from  Winslow  the  example  of  the 
Backbone  Ridge  tunnel  on  the  St.  Louis  &  San  Francisco  railway  in 
Missouri.  **The  dip  of  the  rocks  is  45°  S.  Assuming  the  central 
sandstone  layer  to  be  200  feet  thick  between  the  shales,  there  would 
be  approximately  3,500  cubic  yards  of  material  to  be  taken  out.  If 
the  dip  were  90°  there  would  be  only  2,400  cubic  yards  to  be  taken 
out,  whereas,  were  the  dip  15"  there  would  be  9,400  cubic  yards. 
These  are  items  of  importance  to  the  cost,  irrespective  of  the  ques- 
tion of  stability  of  the  roof,  etc.,  and  utilization  of  material. '^ 

Again,  in  estimating  the  cost  of  construction  of  a  sewerage  system, 
a  knowledge  of  geology  will  enable  the  engineer  to  make  a  far  more 
accurate  estimate  than  he  otherwise  could,  and  I  am  inclined  to 
believe  that  there  is  no  member  of  this  Association,  engaged  in  such 
work,  who  has  not  realized  the  necessity  of  a  consideration  of  the 
geologic  conditions  of  the  locality  in  which  he  is  at  work,  and  whose 
estimate  of  the  cost  of  construction  has  not  been  largely  governed 
by  the  same.     It  is  only  in  large  works  like  the  Metropolitan  Sewer- 
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age  System  where  we  fiud  that  professional  geologists  have  been 
called  in,  but  in  small  systems  the  geologic  conditions  are  none  the 
less  worthy  of  consideration,  and  when  considering  these  questions 
the  engineer  assumes  the  position  of  a  geologist. 
^  As  to  water  supply  we  will  also  try  to  trac^  the  relationship  be- 
tween it  and  the  structure  of  the  earth's  crust.  Upon  examination 
it  will  appear  that  not  infrequently  there  are  cases  where  a  knowl- 
edge of  geology  is  of  great  importance  in  the  location  of  systems  of 
water  supply.  I  will  quote  from  Winslow,  an  illustration  of  this 
point  by  Dr.  Branner,  the  State  (geologist  of  Arkansas:  **  A  reser- 
voir was  built  at  Rio  de  Janeiro  a  good  many  years  ago,  covering 
the  entire  summit  of  a  hill.  On  one  side  of  the  hill  the  schistose 
rocks  dipped,  at  a  high  angle,  with  the  slope  of  the  hill.  The  rocks 
near  the  base  of  the  hill  were  deeply  decomposed,  and  in  many  places 
had  been  undermined  to  obtain  dirt  for  filling  streets.  When  the 
large  reservoir  wall$  had  been  built  they,  of  course,  placed  an  enor- 
mous pressure  upon  the  insecure  beds,  and  when  the  water  was 
turned  into  the  reservoir  it  naturally  found  its  way  down  along  the 
stratification  planes,  and  the  uppermost  b^ds  slipped  upon  each  other 
sufficiently  to  seriously  injure  the  reservoir.  The  relation  of  the 
geology  of  the  hill  to  the  work  had  been  overlooked.'* 

In  a  case  which  is  closer  at  hand  than  the  former,  a  dam  was  built 
across  a  valley  forming  a  large  reservoir  for  a  city  supply.  At 
present  a  good  sized  stream  of  water  is  escaping  from  under  the 
dam,  and  the  cause  of  the  efflux  is  believed  to  be  due  to  a  fissure  in 
the  countr}^  rock  upon  which  the  dam  is  erected.  Fissures  and  veins 
in  our  rocks  are  common,  and  it  is  not  unlikely  that  a  fissure  existed 
in  this  case,  which  was  probably  filled  with  dirt,  and  not  noticed  at 
the  time  of  construction.  The  material  filling  such  a  fissure  would 
be  loosened  and  gradually  washed  away  by  the  water  in  the  reservoir. 

In  limestone  regions,  owing  to  the  solubility  of  limestone  by  water, 
subterranean  streams  and  caves  are  not  infrequently  met  with.  In 
Virginia  the  water  in  a  reservoir  built  on  limestone  foundation 
developed  crevices  which  were  cribbed  and  the  leakage  stopped,  but 
later  an  accidental  explosion  of  a  quantity  of  dynamite  in  the  neigh- 
borhood resulted  in  a  fresh  break  in  the  bottom  through  which  the 
reservoir  was  completely  drained. 

Before  leaving  the  subject  of  water  supply  I  would  refer  to  arte- 
sian wells  as  one  branch  where  geologic  knowledge  is  useful,  but  as 
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these  wells  are  rarely  found  in  Connecticut  I  will  not  enter  into  the 
subject. 

That  a  knowledge  of  building  stone  is  of  value  to  the  engineer 
will,  I  have  no  doubt,  be  conceded,  and  this  also  I  would  claim  to 
be  in  the  field  of  geology. 

As  we  have  considered  some  of  these  important  branches  of  civil 
engineering,  I  have  tried  to  show  that  in  each,  true  geologic  prob- 
lems are  encountered  and  solved  by  the  engineer,  and  that  in  the 
consideration  of  these  problems,  the  engineer  becomes  a  geologist. 

When  extensive  work  is  being  done,  the  services  of  a  profes- 
sional geologist  are  procured,  but  in  such  work  as  we  have  to  deal 
with  the  engineer  is  his  own  geologist,  and  the  realization  of  this 
fact  is  what  I  have  tried  to  bring  about. 

Road  metal  is  one  of  the  most  apparent  geological  questions  now 
before  Connecticut  engineers.  Without  entering  into  the  scientific 
lithological  composition  of  the  rocks,  let  us  take  a  hasty  glance  at 
the  rock  formations  of  Connecticut,  classifying  them  according  to 
popular  nomenclature.  First,  we  find  a  wide  band  of  sandstone 
extending  through  the  state,  roughly  marked  by  the  valley  of  the 
Connecticut  nver.  East  and  west  of  this  sandstone  area  the  coun- 
tr\'  rock  is  found  to  be  made  up  of  contorted  crystalline  schist, 
gneiss  and  granite.  The  chief  requisite  of  a  road  metal,  toughness, 
is  lacking  in  schist,  and  to  a  varying  extent  in  gneiss,  so  these  two 
rocks  may  be  passed  over,  but  it  might  be  well  to  state  here  that 
the  gradation  of  gneiss  to  granite  is  such  that  no  distinct  line  can 
be  drawn.  The  Connecticut  sandstone  is  not  a  road  metal,  on 
account  of  its  softness  and  [)orosity,  but  erupted  through  this  sand- 
stone we  find  masses  of  an  igneous  rock  which  is  called  trap.  Dur- 
ing the  Triassic  period  the  region  not  represented  V>y  the  sandstone 
was  a  shallow  arm  of  the  sea  and  was  undergoing  a  gradual  subsi- 
dence. The  thickness  of  the  sandstone  deposit  was  at  least  3,000 
feet,  all  of  which,  however,  was  formed  in  shallow  wjiter,  the  dep- 
osition of  material  keeping  pjvce  with  the  sinking  of  the  region. 
Thi^  [)eriod  was  brought  to  a  close  by  the  *'  Sierra  Revolution,^' 
at  which  time  the  Sierra  and  (■astrnde  ranges  in  the  west  were 
formed  and  the  elevation  of  the  Connecti(»iit  sandstone  effected, 
developing  fractures  or  lines  of  weakness,  through  which  the  out- 
bursts of  igneous  matter  took  place.  So  far  lus  I  know,  no  large 
araount  of  trap  has  been  met  with  in  this  statti,  except  in  or  in  close 
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proximity  to  the  sandstone.  This  trap  rock,  as  we  all  know,  is  the 
best  road  metal  we  have,  and  is  largely  used  for  paving  as  well. 

During  the  glacial  period,  when  this  state  was  covered  by  an 
ice  sheet  8,000  feet  or  more  in  thickness,  which  moved  slowly  but 
irresistibly  towards  the  sea,  portions  of  the  rock  formation  obstruct- 
ing its  passage  were  torn  from  their  parent  ledges  and  borne  onward 
by  the  moving  ice.  These  fragments,  often  weighing  many  tons, 
were  crushed  against  each  other,  abraided  and  lessened  in  size. 
The  softer  ones  were  reduced  to  the  fineness  of  clay,  while  frag- 
ments of  the  harder  and  tougher  granite  and  trap  were  well  worn 
and  rounded.  When  the  ice  melted  and  the  glacier  retreated,  the 
material  held  in  the  ice  sheet  was  scattered  over  the  country,  find- 
ing a  resting  place  miles  from  its  original  location,  the  larger  frag- 
ments of  which  are  our  boulders  and  field  stones. 

In  the  gravel  around  Willimantic  we  occasionally  meet  with 
small,  well  rounded  pebbles  of  the  Connecticut  river  sandstone  and 
large  bouldei'S  of  trap  rock  from  the  same  region  are  of  common 
occurrence  in  the  fields  and  walls.  In  Rhode  Island  the  roads  are 
often  macadamized  with  crushed  field  stones,  and  the  Highway 
Commission  of  Vermont  also  recommend  the  practice.  They  fur- 
nish a  good  road  metal,  and  at  the  same  time  assist  the  farmer  in 
clearing  his  fields  of  the  rock  left  him  by  the  ice  sheet. 

The  central  portion  of  the  state  is  well  provided  with  good  road 
metal,  and  from  the  numerous  trap  hills  found  throughout  the  sand- 
stone region  trap  could  probably  be  procured  as  cheaply  as  any  road 
metal.  In  the  crystalline  areas  where  trap  is  absent  and  can  be 
obtained  only  by  means  of  railway  transportation,  it  would  be  far 
cheaper  and  better  to  utilize  the  old  walls  on  the  farms  near  the 
line  of  work.  A  large  percentage  of  the  field  rocks  will  be  found 
to  be  trap  or  other  hard  rocks,  for  the  softer  ones  have  l>een 
largely  destroyed  by  glacial  abrasion  and  disintegration  from  expo- 
sure to  the  weather.  Among  the  field  rocks  there  would  be  a  por- 
tion of  soft  rock,  but  this  has  been  found  by  experience  in  Rhode 
Island  to  be  hardly  an  objection,  and  Bja'ne,  in  his  **  Highway  Con- 
struction,^^ says,  *'A  small  quantity  (about  one-fourth)  of  soft 
stone  judiciously  mixed  with  the  harder  will  be  an  undoubte<i 
advantage." 

The  cost  of  native  granite  for  foundation,  even  when  taken  from 
a  ledge  neur  the  work,  would  exceed  that  occasioned   by  utilizing 
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field  stone,  and  judging  from  Rhode  Island  roads  upon  which  I  have 
driven  I  believe  that  a  country  road  constructed  by  competent  men 
entirely  of  crushed  -field  rocks  will  prove  fully  as  satisfactory  as 
roads  of  native  granite  foundation  and  thin  trap  rock  top-dressing. 

As  we  may  expect  to  have  the  subject  of  road  metal  discussed 
from  other  than  a  geologic  standpoint,  I  will  not  proceed  further, 
and  in  closing  I  will  briefly  refer  to  the  subjective  value  of  geology 
to  an  engineer  as  set  forth  by  Winslow. 

**  In  geology  we  have  the  happy  combination  of  historic,  scientific 
and  economic  interests.  Its  study  brings  one  under  the  immediate 
influence  of  all  that  is  beautiful  and  refining  in  nature.  To  the 
engineer,  a  great  part  of  whose  life  is  spent  in  the  midst  of  geologic 
fact«  and  phenomena,  geology  can  be  made  a  never  failing  resource. 
Without  it  during  his  work,  his  rides,  his  rambles,  all  that  he  sees 
of  the  rocks  that  he  comes  across,  of  the  position  and  form  of  the 
mountains,  the  flow  of  streams  and  the  distribution  of  hill  and  valley 
stand  as  isolated  facts  to  him.  He  does  not  appreciate  their  bear- 
ing; they  connote  nothing.  It  is  no  proof  that  others  get  on  with- 
out this  knowledge  or  that  we  can  do  without  it.  The  question  is 
whether  we  cannot  do  better  with  it.'' 

DISCUSSION. 

Mr.  Chandler.  I  would  like  to  know  if  the  boulders  scattered 
about  Elastem  Connecticut  are  to  any  great  extent  trap  rock. 

Mr.  Card.  I  think  they  are.  The  drift  of  the  glacial  area  will 
be  found  more  to  the  easterly  than  the  westerly  part  of  the  state. 
The  glacier  came  from  the  northwest  to  the  southeast,  and  extends 
northerly  to  the  northern  boundary  of  Massachusetts.  Mount  Tom 
and  other  mountains  of  Massachusetts  are  trap  rock. 

Mr.  Wadsworth.  Are  there  any  instances  of  trap  rock  outside 
of  the  section  marked  sandstone  ? 

Mr.  Card.  Yes,  there  are,  but  all  that  I  know  is  near  sandstone. 
I  have  read  in  the  papers  about  trap  rock  being  found  in  all  parts 
of  the  state,  but  it  was  not  trap  I'ock  that  was  found. 

Mr.  Loomis.  Where  are  those  isolated  spots  in  the  western  part 
of  the  state  f 

Mr.  Card.  I  think  they  extend  into  Fairfield  and  Litchfield 
(counties. 

Mr.  Chandler.     Is  there  any  difference  in  the  trap  rock  * 
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Mr.  Card.  There  is  a  diflference  in  all  trap  rock.  That  is  a 
question  that  has  been  discussed  by  the  professors  for  years.  It 
has  not  been  settled  yet  by  the  best  authorities. 

Mr.  Burt.  I  have  noticed  up  through  Granby  large  deposits  of 
loose  trap  rocks.  Most  of  it  is  covered  with  a  growth  that  renders 
it  valueless  as  a  binder.     That  which  is  broken  is  much  better  rock. 

Mr.  Card.  There  are  two  kinds  of  trap  rock.  The  green  is  the 
better.  That  is  deep  stone  or  stone  deep  below  the  surface.  That 
which  has  come  to  the  surface  has  been  damaged  by  oxidation.  It 
is  not  so  good  in  Brighton,  Mass.  There  is  a  dike  there  20  feet 
high  that  is  rapidly  decomposing.  You  can  pick  pieces  out  of  it. 
owing  to  the  action  of  the  air  on  the  mineral. 

Mr.  Loomis.     Did  you  call  the  red  sandstone? 

Mr.  Card.  It  may  be  conglomerate  or  shale,  but  it  is  called 
Connecticut  sandstone.  Wherever  it  came  in  contact  wnth  a  layer 
of  clay  it  was  turned  to  slate.  This  is  due  to  the  heat  that  was  in 
the  gneiss  rock  when  it  was  poured  forth. 

Mr.  Loomis.  You  take  rock  down  through  this  valley  of  the 
Connecticut,  excavate  it  and  it  will  decompose.  Where  it  joins 
the  trap  rock  it  is  very  hard. 

Mr.  Card.  It  must  have  been  so  from  being  subjected  to  the 
great  heat. 

Mr.  Loomis.     There  is  where  we  find  the  fossils. 

Mr.  Burt.  There  seems  to  be  a  very  decided  difference  in  the 
quality  of  the  sandstone  in  Connecticut.  The  Portland  stone  is 
much  softer  than  that  found  in  East  Haven.  If  I  remember  cor- 
rectly, the  dip  is  about  the  same  in  New  Haven  as  at  Portland, 
showing  that  it  is  about  the  same  formation  or  geologic  rock. 

Mr.  Card.     Do  you  mean  the  quarry  rock  f 

Mr.  Burt.     Yes. 

Mr.  Card.  It  is  more  of  a  granite  nature  at  East  Haven.  It  is 
a  good  deal  the  nature  of  the  Portland  stone,  but  it  will  dull  a  tool 
(luicker  than  the  Portland  stone. 

Query.  What  causes  the  difference  in  the  quality  of  the  rock 
at  East  Haven  and  Portland  ? 

Mr.  Card.      Do  you  know  that  it  is  the  same  formation  f 

Answer.     I  have  not  gone  so  far  as  that. 
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Mr.  Card.  The  Connecticut  sandstone  is  of  very  different  for- 
mation. Some  contains  pebbles,  others  are  clear  clay.  Sometimes 
you  have  conglomerates,  others  common  sandstone  and  again  com- 
mon slate,  according  to  the  shores. 

Mr.  Burt.  There  is  one  point  I  would  like  to  inquire  about. 
The  cost  and  amount  of  waste  in  excavating  for  a  tunnel  or  sewer 
trench  is  governed  by  the  angle  of  slope.  It  is  merely  a  matter  of 
examination,  is  it  not  ? 

Mr.  Card.  It  is  a  matter  of  observation  and  interpretation,  and 
upon  the  correct  interpretation  of  the  rocks  depend  the  results. 

Mr.  Burt.  I  understand  there  were  some  great  results  that  had 
been  found  on  certain  strata. 

Mr.  Card.  That  can  be  calculated.  That  is  a  mathematical 
question.     You  must  follow  the  data  before  you. 

Mr.  Burt.  Upon  a  very  acute  angle  you  could  not  calculate 
what  would  be  the  result  of  actual  practice  in  getting  out  the 
rock. 
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A  COMPARISON 

OF  THE 

RECENT  HIGHWAY  IMPROVEMENT  LAWS 

OP 

CONNECTICUT,  MASSACHUSETTS  AND  RHODE  ISLAND. 
BY  C.  E.  CHANDLER,  NORWICH,  CONN. 


The  Massachusetts  law  as  now  in  force,  was  approved  June  20th, 
1894,  the  Rhode  Island  law  May  23d,  1898,  and  the  Connecticut  law 
July  3d,  1895. 

The  object  of  the  Connecticut  act  as  set  forth  in  its  title  is  ^*To 
provide  for  the  more  permanent  improvement  of  the  public  roads  of 
this  state.'' 

The  object  of  the  Rhode  Island  law  is  two  fold : 

1.  To  provide  for  the  improvement  of  the  principal  highway 
throughout  the  state. 

2.  To  encourage  better  methods  of  road  making  in  towns. 
The  object  of  the  Massachusetts  law  is  also  two  fold ;  the  first  is 

educational,  such  as  compiling  statistics,  making  investigations,  col- 
lecting and  collating  geological  information  and  advising  the  officials 
of  cities  and  towns  regarding  road  making ;  the  second  is  the  actual 
construction  and  maintenance  of  improved  highways. 

The  Massachusetts  and  Connecticut  laws  provide  for  a  commission 
to  be  appointed  by  the  governor,  the  former  with  the  advice  and 
consent  of  the  council,  and  the  latter  with  the  advice  and  consent  of 
the  senate.  In  Rhode  Island  the  commission  is  elected  by  the  gen- 
eral assembly. 

In  Connecticut  and  Massachusetts  the  number  of  members  is  three, 
and  in  Rhode  Island  one. 

In  Connecticut  one  member  of  the  commission  must  be  *  *  a  capable 
and  experienced  civil  engineer."  In  Rhode  Island  the  only  member 
must  be  **a  competent  civil  engineer." 
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The  Connecticut  commissioners  are  appointed  for  six  years,  one 
commissioner's  term  expiring  every  two  years.  The  Massachusetts 
commissioners  are  elected  for  three  years,  one  commissioner's  term 
expiring  every  year.  The  term  of  office  of  the  Rhode  Island  com- 
mission is  five  years. 

Each  commissioner  in  Massachusetts  receives  $2,000  per  annum 
and  traveling  expenses,  in  Connecticut  $8  per  day  and  actual  expen- 
ses while  officially  employed,  and  in  Rhode  Island  the  commissioner 
receives  $3,000  per  year. 

The  Connecticut  law  provides  that  the  commission  shall  be  fur- 
nished an  office,  with  furniture  and  stationery.  The  Massachusetts 
law  allows  the  commission  $2,000  per  year  for  clerks,  engineers, 
and  other  expenses,  in  addition  to  office  rent  and  traveling  expenses. 
The  Rhode  Island  law  allows  $1,500  for  office  rent,  traveling  expen- 
ses, and  clerk  hire. 

In  all  these  states  the  commissioners  are  obliged  to  make  annual 
reports. 

The  education  work  of  the  Massachusetts  commission  can  be  prose- 
cuted without  formal  action  of  the  towns. 

In  Connecticut  the  initial  step  must  be  the  action  of  the  town  in 
lawfully  warned  meeting  assembled  in  voting  its  intention  to  cause 
a  public  road,  or  section  thereof,  to  be  improved  under  the  pro- 
visions of  the  act.  In  Massachusetts  actual  road  work  is  preceded 
by  a  petition  of  the  officials  of  a  municipality,  asking  that  the  com- 
monwealth take  charge  of  a  certain  road. 

In  Massachusetts  the  location  of  the  road  which  is  to  be  improved 
in  any  town  is  subject  to  the  approval  of  the  state  commission ;  in 
Connecticut  the  voters  may  select  the  least  important  road  in  town 
if  they  choose,  the  commission  has  no  voice  in  the  matter ;  in  Rhode 
Island  the  location  of  principal  highways  to  be  improved  is  subject 
to  the  approval  of  the  commissioner,  but  the  designation  of  the 
location  of  the  half-mile  sections  of  sample  roads  is  determined  by 
the  town  councils.  In  this  the  Massachusetts  and  Rhode  Island 
laws  are  superior  in  my  opinion. 

In  Connecticut  the  sections  of  road  built  must  be  necessarily  small, 
as  not  more  than  $3,000  can  be  expended  in  any  town  in  any  year, 
while  the  Massachusetts  law  puts  no  limit  on  their  length  except 
that  not  more  than  ten  miles  shall  be  built  in  any  county  in  any  year 
without  the  approval  of  the  governor  and  council,  and  the  Rhode 
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Island  law  limits  the  sample  roads  only,  they  being  one- half  mile 
long  each. 

In  Connecticut  the  towns  build  and  pay  for  the  roads,  getting  a 
rebate  from  the  county  and  state.  In  Massachusetts  and  Rhode 
Island  the  state  builds  the  road,  the  former  getting  a  rebate  from 
the  county,  the  latter  from  the  towns  and  cities. 

This  is  probably  the  most  important  difiEerence  between  the  laws 
and,  so  far  as  getting  good  roads  is  concerned,  I  believe  the  idea  of 
the  roads  being  built  in  the  first  instance  by  the  state  rather  than 
the  towns  is  much  the  best. 

If  the  principal  object  of  the  law  is  educational,  however,  I  think 
the  C/onnecticut  idea  is  better,  as  it  makes  the  various  selectmen  and 
other  officials  take  a  more  active  interest  in  road  work  and  leads 
them  to  learn  more  about  improved  methods. 

Again  this  difference  in  the  laws  is  the  difference  between  cx)n- 
tinuous  inspection  in  Massachusetts  and  Rhode  Island  and  great  lack 
of  inspection  in  Connecticut;  the  difference  between  systematic- 
engineering  and  verj'  unsystematic  engineering. 

In  Connecticut  surveys,  maps  and  specifications  must  be  made 
and  contracts  entered  into  by  the  towns,  in  Massachusetts  and  Rhode 
Island  by  the  state. 

In  Massachusetts  the  commission  may  contract  with  the  town  in 
which  the  road  is  situated  to  do  the  work,  but  if  the  town  declines, 
the  commission,  after  two  weeks  advertising,  may  let  the  work  to 
any  satisfactory  bidder. 

In  Connecticut,  after  two  weeks  advertising,  the  towns  must  award 
the  work  to  the  lowest  bidder,  who  shall  give  satisfactory  evidence 
of  his  ability  to  perform  the  contract. 

In  Rhode  Island  the  roads  must  be  built  by  contract,  but  there  are 
no  other  restrictions  regarding  the  letting. 

In  Connecticut  the  bids  must  be  publicly  read  before  awarding  the 
contract ;  in  Massachusetts  they  must  be  opened  to  public  inspection, 
after  they  are  rejected  or  accepted ;  in  Rhode  Island  there  are  no 
restrictions  in  this  respect. 

In  Massachusetts  the  expense  of  the  improved  highways  is  borne 
one-quarter  by  the  county  and  three-quarters  by  the  state. 

•In  Connecticut  the  cost  of  the  work  is  divided  equally  by  the 
state,  county  and  town. 

In  Rhode  Island,  of  the  cost  of  the  half-mile  sample  roads,  one- 
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quarter  Is  paid  by  the  town  and  three-quarters  by  the  state.  The 
expense  of  rebuilding  of  a  principal  highway  in  Rhode  Island  is 
borne  in  part  by  the  state  and  in  part  by  the  towns,  in  such  propor- 
tion as  shall  be  recommended  in  each  particular  ease  by  the  com- 
missioner after  being  approved  by  the  General  Assembly. 

The  law  seems  to  imply  that  these  principal  highways  should  be 
such  as  pass  through  several  towns  and  that  a  section  of  consider- 
able length  shall  be  ordered  and  built  at  one  time,  the  expense  being 
divided  equitably  among  the  different  towns  and  the  state. 

This  seems  to  me  to  be  the  ideal  plan,  but  it  places  a  large 
responsibility  on  the  commissioner,  and  in  order  to  realize  the  ideal 
the  commissioner  must  be  a  man  of  ability  and  integrity,  and  he  must 
possess  a  judicial  mind. 

The  Massachusetts  commission  may  expend  for  carrying  out  the 
provisions  of  the  act  for  assistants,  instruments,  material,  machinery' 
and  other  property,  and  for  the  construction  and  maintenance  of 
highways  such  sums  as  may  be  appropriated  by  the  legislature,  and 
the  appropriation  made  in  1894  was  $800,000,  including  salaries 
and  expenses  of  commissioners. 

In  Connecticut  $75,000  annually  can^be  given  by  the  state  as  aid 
to  towns,  provided  that  at  least  75  towns  apply  for  it.  If  less  than 
75  towns  apply,  the  amount  is  correspondingly  reduced. 

In  Rhode  Island  the  state  appropriation  for  sample  roads  is  lim- 
ited to  $80,000.  There  is  no  limit  placed  on  the  improvement  of 
principal  highways,  as  they  are  improved  only  on  special  vote  of  the 
general  assembly. 

It  should  be  noted  in  this  connection  that  the  Connecticut  legis- 
lature meets  biennially,  the  Massachusetts  legislature  annually,  and 
the  Rhode  Island  assembly  semi-annually. 

Semi-annual  sessions  make  it  feasible  for  the  assembly  to  take 
more  direct  control  of  road  matters  than  would  otherwise  be  the 
case,  especially  in  conjunction  with  the  small  size  of  the  state. 

The  Massachusetts  state  roads  are  to  be  maintained  by  the  state ; 
in  C'onnecticut  and  Rhode  Island  state  roads  must  be  maintained  by 
the  towns. 

The  Connecticut  law  was  passed  July  8rd.  and  the  commissioners 
were  required  to  file  their  certificates  for  the  year  between  Decem- 
ber 15th  and  31st.  The  climate  is  such  that  all  road  work  ought  to 
be  completed  by  November  15th. 
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This  law  appears  to  require  that  commissioners  should  be  appoint- 
ed, at  least  75  town  meetings  held,  75  or  more  sets  of  specifications 
prepared,  examined,  corrected  and  approved  by  the  commissioners, 
advertised  two  weeks,  contracts  let  and  75  pieces  of  stone  road 
supervised  by  three  men,  all  within  less  than  five  months  frcwn  the 
passage  of  the  law. 

In  Massachusetts  the  fiscal  year  begins  March  1st.  The  law- 
referred  to  herein  is  an  amended  law.  The  original  law,  under 
which  the  commission  was  appointed,  was  passed  June  10th,  1893. 
This  gave  the  coumiission  time  to  organize  and  do  much  educational 
work  before  the  appropriation  of  1894  was  available. 

In  Rhode  Island,  there  being  no  limit  to  amount  available  for 
principal  highways,  and  the  appropriation  for  sample  roads  not 
admitting  of  the  construction  of  more  than  a  dozen  annually,  and 
the  act  having  been  passed  May  23rd,  the  time  difficulty  does  not 
need  to  occur. 

It  is  very  plain  that  the  Connecticut  law  presented  a  serious  dif- 
ficulty not  existing  in  the  other  states. 

Among  the  things  in  the  Connecticut  law  not  paralleled  in  the 
other  laws  are  the  provision  that  bids  *  *  shall  be  accompanied  with 
the  bidder ^6  bond  in  the  sum  of  one  thousand  dollars  or  more,  with 
security  satisfactory  to  the  selectmen,  conditioned  that  if  the  con- 
tract shall  be  awarded  to  him  he  will,  when  required  by  the  select- 
men, execute  an  agreement  in  writing  to  perform  the  work  neces- 
sary according  to  the  specifications." 

Again  the  Connecticut  law  discriminates  against  poor  towns  by 
limiting  the  amount  expended  upon  contracts  awarded  in  any  one 
year  by  any  board  of  selectmen  to  one-half  of  one  per  centum,  as 
assessed  by  the  board  of  assessors  of  the  town  for  the  last  preceding 
year. 

The  Connecticut  law  is  well  adapted  to  arouse  the  interest  of  a 
great  number  of  selectmen  and  engineers.  It  is  also  liable  to  test 
their  patience. 

Most  new  laws  have  defects  of  some  kind  and  give  opportunity 
for  misconstruction. 

The  most  important  defects,  in  the  opinion  of  the  writer,  are : 

1.  Making  the  beginning  of  the  first  year  in  July  and  ending  it 
in  Januarv. 
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2.  Making  no  provision  in  terms  for  employment  of  inspectors 
by  the  commission. 

3.  Limiting  the  amount  to  be  spent  in  any  year  in  any  town  to 
$3,000;  $6,000  every  other  year  would  be  much  better. 

4.  Requiring  the  towns  rather  than  the  commission  to  prepare 
the  specifications. 

Among  those  things  in  the  Massachusetts  law  not  paralleled  in 
the  other  laws  are : 

1 .  The  state  road  is  not  to  be  dug  up  except  by  permit  from  the 
commissioners . 

2.  The  state  pays  damages  from  accidents. 

3.  The  state  shall  keep  the  roads  reasonably  clear  of  brush, 
plant  shade  trees,  erect  guide  posts,  and  may  erect  and  maintain 
watering  troughs  and  change  name  of  road. 

4.  Investigation  of  road  material  and  matters  is  made  promi- 
nent. 

The  Rhode  Island  law  is  peculiar  in  that  it  provides : 

1.  For  two  classes  of  road  work. 

2.  That  all  highways  improved  shall  be  at  least  three  i*ods  wide. 

3.  Towns  must  settle  damages  before  work  begins. 

4.  Highways  include  bridges. 

I  do  not  think  the  same  law  would  be  best  for  all  these  states. 
Each  state  has  peculiarities  of  size,  of  customs,  and  in  the  character 
of  its  inhabitants.  I  think  both  the  Massachusetts  and  the  Rhode 
Island  laws  are  better  adapted  for  their  needs  than  the  Connecticut 
law  is  for  our  needs. 

This  is  readily  accounted  for  by  the  fact  that  the  Massachusett*; 
law  is  the  result  of  two  years'  legislation  and  one  year's  work  of  its 
commission.  The  Rhode  Island  law  was  the  result  of  the  work  of  a 
commission  who  were  appointed  in  1892,  and  reported  in  1895, 
after  statistics  had  been  collected,  the  roads  personally  examined, 
conferences  had  with  persons  having  an  interest  in  and  knowledge 
of  the  subject  and  public  hearings  held  in  the  principal  towns  in 
the  state,  while  the  Connecticut  law  was  the  result  of  much  tinker- 
ing done  during  a  single  session  of  the  legislature. 
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IMPROVED  HIGHWAYS  IN  CONNECTICUT. 

Notes  and  Suggestions  Concerning  Them  from  an  Engineer's 
Standpoint. 

BY   E.  P.    AUGUR,    MIDDLETOWN,   CONN. 


One  of  the  objections  made  against  the  bill  drafted  by  the  com 
mittee  of  the  State  Board  of  Trade  for  Improved  Highways,  and 
supported  by  that  organization  and  some  others,  was  that  it  pro- 
posed to  create  a  new  official  position  with  a  liberal  salary  for  some 
civil  engineer,  and  that  it  would  also  involve  the  employment  of 
quite  a  corps  of  subordinate  engineers  at  state  expense,  so  that  too 
much  of  the  state  appropriations  for  improved  roads  would  go  for 
engineering  and  other  expenses  of  the  commission,  and  too  little 
for  actual  improvements.  The  bill  which  was  finally  enacted,  and 
which  was  reported  by  the  legislative  committee  as  a  substitute  for 
the  one  advocated  by  the  State  Board  of  Trade,  and  four  other  sim- 
ilar bills,  goes  quite  to  the  other  extreme,  so  far  as  it  relates  to 
compensation  or  cost  to  the  state  for  engineering.  As  you  already 
know,  this  statute  provides  that  the  one  of  the  thre^  commissioners 
who  must  be  a  capable  and  experienced  civil  engineer  shall  receive, 
in  common  with  the  other  commissioners,  only  eight  dollars  per 
day  and  actual  expenses  while  officially  employed.  The  statute 
further  provides  that  the  selectmen  of  any  town  which  shall  have 
voted  to  improve  a  section  of  highway  under  its  provisions  shall 
cause  all  necessary  surveys  to  be  made  and  specifications  to  be  pre- 
pared, the  cost  of  the  same  to  be  borne,  presumably,  by  the  town. 
Having  little  appreciation  of  the  value  or  importance  of  a  knowl- 
edge of  the  science  of  roadmaking,  or  of  correct  methods  of  making 
the  necessary  surveys  and  plans,  on  the  part  of  the  person  who  is 
to  be  employed  to  make  the  surveys,  etc.,  in  many  oases  the  select- 
men would  probably  employ  the  person  whose  charges  for  such 
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work  wore  supposed  to  be  the  lowest.  Thus  far  and  until  it  becomes 
apparent  to  the  average  selectman  that  to  employ  a  coifipetent  engi- 
neer at  fair  remuneration  for  his  services  is  more  economical  in  the 
end  for  the  town  than  to  employ  an  ordinary  land  surveyor  who  has 
neither  suitable  qualifications  nor  suitable  instruments  for  such 
work,  we  shall  be  in  some  instances  subject  to  that  kind  of  compe- 
tition. In  other  respects  members  of  this  Association  have  no  occa- 
sion to  complain  of  the  law  so  far  as  they  are  personally  concerned, 
for  quite  a  large  number  of  them  have  been  employed  in  connection 
with  the  improvement  of  highways  under  its  provisions  during  the 
past  year. 

In  view  of  the  probability  that  some  of  us  may  be  called  upon  for 
similar  work  in  connection  with  these  improved  roads  during  the 
coming  year,  it  has  seemed  to  the  writer  that  this  would  be  a  favor- 
able opportunity  for  comparing  notes  and  for  an  interchange  of 
ideas  and  suggestions,  the  outcome  of  our  experience  or  study  con- 
cerning roads  during  the  past  year.  There  will  also  probably  be  an 
opportunity  of  becoming  better  acquainted  with  the  honorable  gen- 
tlemen who  compose  the  State  Highway  Commission.  Since  much 
depends  upon  our  ability  and  fidelity  as  well  as  upon  their  wisdom 
and  good  management,  whether  this  attempt  on  the  part  of  the  state 
to  promote  better  roads  shall  prove  a  success  and  be  allowed  to  go 
on,  they  should  be  assured  of  our  readiness  to  co-operate  with  them 
in  all  of  their  plans  and  efforts  to  secure  the  best  possible  results, 
wherever  such  improvements  are  undertaken.  For  the  purpose  of 
opening  the  way  for  such  a  comparing  of  methods  and  suggestions, 
plans  and  specifications  made  for  sections  of  improved  roadway  in 
two  towns  are  herewith  submitted  for  your  examination,  in  connec- 
tion with  as  brief  and  concise  a  statement  as  jiossible  of  the  meth- 
ods followed  by  the  writer  in  these  cases. 

Lines  of  survey,  as  nearly  as  practicable  along  center  of  present  or 
proposed  roadway,  were  run  out  as  tangents,  or  straight  lines. 
Angle  points  and  other  important  points,  fixed  by  large  wire  nails  or 
cut  spike,  driven  even  with  the  ground ;  angles,  taken  with  the 
transit,  and  compass  courses  also  read ;  buildings,  or  front  por- 
tions of  same,  located  by  station  to  line  of  either  side  of  same,  and 
offset  measurement  to  each  corner.  If  standing  much  out  of  square 
with  line  of  survey,  the  distance  was  measured  obliquely  ahead  or 
behind  to  some  even  or  plus  station,  from  one  or  both  corners. 
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Measurements  were  made  of  all  buildings  or  portions  of  buildings 
to  be  shown  on  maps.  Division  fences  and  the  direction  of  tiie 
same,  fixed  in  the  same  manner.  All  even  and  plus  stations  were 
ranged  into  line  with  the  transit,  nails  driven  even  with  the  ground, 
with  a  narrow  piece  of  white  or  red  cloth  tied  on  each,  or  marking 
pins  were  used  to  keep  station  points  during  the  survey.  Fence 
lines,  sides  of  travel  path,  tree  rows  and  other  lines,  if  important, 
located  by  offsets  from  station  points.  Starting  points  and  otiier 
important  points  in  the  survey,  located  from  lines  and  corners  of  cut 
stone  or  brick  foundation  walls  of  buildings. 

I^ievels  were  taken  with  the  level  on  the  transit,  reading  from  a 
self -reading  rod,  and  referring  all  levels  to  an  assumed  datum. 
Each  setting  of  the  instrument  for  taking  angles  was  also  used  for 
taking  levels.  Levels  at  right  angles  on  the  right  and  left  were 
taken  for  cross-sections.  Fore  sights  and  back  sights  on  turning 
points  were  made  as  nearly  equi-distant  as  practicable,  and  seldom 
exceeded  300  feet.  Readings  on  turning  points  and  benches,  also 
on  the  last  station  point  taken  with  any  setting  of  the  instrument 
were  taken  to  the  nearest  hundredth.  After  a  new  setting  and 
obtaining  the  height  of  the  instrument  a  reading  was  taken  on  the 
last  point  taken  with  the  previous  setting  as  a  check  against  errors, 
the  heights  of  these  points  and  of  turning  points  only,  being  figured 
out  as  the  levels  were  taken.  The  names  of  owners  of  houses  and 
land  on  both  sides  were  noted,  also  the  name  or  designation  of 
important  buildings  or  objects.  Streams  crossing  the  road,  also 
culverts  or  bridges,  were  located,  together  with  points  at  which 
surface  water  might  be  drained  away  from  the  road. 

In  making  the  maps  the  surveys  have  been  first  platted  on  paper, 
on  a  scale  of  50  feet  to  an  inch,  the  final  maps  being  made  on  tracing 
cloth,  with  blue  print  copies,  one  for  the  commission  and  one  to 
keep  for  my  own  benefit  and  use.  If  the  map  would  otherwise  be 
over  four  feet  long,  it  is  made  in  two  or  more  sections.  In  the 
notes  of  the  survey  and  on  the  maps  all  distances  along  the  line  are 
from  the  starting  point,  and  as  far  as  possible  without  detracting 
from  their  clearness  all  measurements  made  are  put  upon  the  maps. 
The  pi'oposed  lines  for  the  improved  road  are  drawn  upon  these 
maps  in  heavier  lines  or  lines  of  different  color  about  the  last  thing 
after  all  the  other  drawings  are  finished,  and  after  a  careful  study 
of  the  map  itself  and  the  profile  and  cross-sections,  the  different 


AND  SURVEYORS  ASSOCIATION.  53 

tangents  being  connected  by  suitable  curves.  Profiles  have  been 
made  on  **  Plate  B  '^ — **  Perfect  Profile  Paper,  ^^  a  very  good  con- 
tinuous roll  paper. 

In  locating  lines  ajid  grades  for  the  construction  of  these  roads 
the  stakes  have  been  of  hard  wood  staddles  two  or  three  inches  in 
diameter,  or  of  hard  wood  slabs,  or  of  such  timber  .sawed  about 
2"  X  3"  square,  cut  into  suitable  lengths,  about  three  or  four  feet, 
and  driven  very  firmly  to  the  proper  grade,  or  as  far  as  possible, 
and  afterwards  sawed  off  at  the  proper  grade,  for  the  outer  line  of 
the  margins  of  the  road,  said  lines  also  being  fixed  by  a  nail  or  tack 
in  the  top  of  each  stake.  These  stakes  are  subsequently  braced 
from  other  stakes  outside  with  narrow,  straight-edged  boards,  the 
upper  edges  of  the  same  being  in  the  plane  of  the  surface  of  the 
required  slope  for  the  outside  of  the  margins  or  shoulders  of  the 
roadway.  This  covers  sufficiently  the  details  of  these  surveys  and 
plans. 

There  are  one  or  two  points  in  the  construction  of  the  roads  with 
which  the  writer  has  been  familiar  concerning  which,  in  his  judg- 
ment, there  might  be  improvement.  The  commissioners,  in  their 
suggestions  to  selectmen  and  engineers,  have  specified  that  the 
different  sizes  of  crushed  stone  should  be  mixed  in  the  screens  and 
applied,  thus  mixed,  the  entire  depth  on  the  road ;  also,  that  only 
the  screenings  from  the  crusher  should  be  used  in  finishing  the  sur- 
face of  the  road.  On  no  one  of  the  three  roads  with  which  I  have 
been  connected  that  have  been  fully  finished  has  the  surface  been 
as  hard  and  thoroughly  compacted  as  it  ought  to  have  been.  The 
surface  has  been  loose  and  has  been  still  more  loosened  and  displaced 
by  horses'  feet  and  wheels  of  vehicles.  Some  of  the  larger  crushed 
stones  have  become  loosened  and  scattered  about  on  the  surface  of 
the  road.  In  the  writer's  opinion  it  would  have  been  better  to  have 
used  a  motlerate  quantity  of  sand  or  some  other  kind  of  earth,  to 
have  made  an  absolutely  hard  and  well  compacted  road  at  the  out- 
set. The  writer  farther  questions  whether  it  would  not  be  better  to 
have  had  the  stones  of  the  upper  three  inches  of  the  road  of  uniform 
size,  and  not  ex'jeeding  1^  inches  in  largest  diameter.  These 
opinions  have  not  been  formed  wholly  on  the  writer's  own  observa- 
tion or  judgment.  They  are  confirmed  by  the  opinions  of  other 
much  better  authorities  on  this  subject. 

In  a  treatise  on  the  Science  of  Roadmaking,  by  Mr.  Clemens 
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Herschel,  member  of  the  American  Society  of  Civil  Engineers,  pub- 
lished in  the  Report  of  the  Massachusetts  Board  of  Agriculture, 
1869-1870,  the  author  says:  ^*In  order  that  the  road  shall  get  an 
even  surface  the  macadam  must  be  all  of  one  size,  and  the  proper 
size  depends  upon  the  hardness  of  the  rock  ♦  ♦  *  *  Each 
layer  s?iould  be  rolled,  and  the  top  layer  must  be  rolled.  Nor  will 
rolling  alone  do  the  work.  Two  other  helps  are  needed,  the  use  of 
a  binding  material  to  act  as  a  cement  between  the  broken  stone,  and 
sprinkling.  ♦  ♦  *  ♦  Gravel  somewhat  mixed  with  clay  by 
nature,  but  not  too  much,  is  probably  the  best  binding  material. 
Clean,  coarse  sand  is  very  good.  Other  substances  will  do  where  it 
would  cost  too  much  to  procure  either  of  the  above.'' 

Both  Gilmore  and  Byrne  quote  Mr.  Wm.  H.  Grant,  superintend- 
ing engineer  of  the  New  York  Central  Park,  in  his  report,  as  follows: 

**  At  the  commencement  of  the  macadam  roads,  the  experiment 
was  tried  of  rolling  and  compacting  the  stone  by  a  strict  adherence 
to  Mc Adam's  theory,  that  of  excluding  all  dirt  and  foreign  material 
from  the  stones,  trusting  to  the  action  of  the  roller  and  the  travel  of 
teams  to  accomplish  the  work  of  consolidation.  The  bottom  layer 
of  stone  was  sufficiently  compacted  in  this  way  to  form  and  retain, 
under  the  action  of  the  rollers  (after  compression  had  reached  its 
practical  limit, )  an  even  and  regular  surface ;  but  the  top  layer, 
with  the  use  of  a  heavy  roller  loaded  to  its  greatest  capacity,  it  was 
found  impracticable  to  solidify  and  reduce  to  such  a  surface  as 
would  prevent  the  stones  from  loosening  and  being  displaced  by  the 
action  of  wagon  wheels  and  horses'  feet.  No  amount  of  rolling  was 
sufficient  to  produce  a  thorough,  binding  upon  the  stones,  or  to  cause 
a  mechanical  union  and  adjustment  of  their  sides  and  angles  together 
as  to  enable  them  mutually  to  assist  each  other  in  resisting  displace- 
ment. The  rolling  was  persisted  in,  with  the  roller  adjusted  to 
different  weights  up  to  the  maximum  load,  (12  tons,)  until  it  was 
apparent  that  the  opposite  effect  from  that  intended  was  being  pro- 
duced. The  stones  became  rounded  by  the  excessive  attrition  they 
were  subjected  to,  their  more  angular  parts  wearing  away,  and  the 
weaker  and  smaller  ones  being  crushed.  The  experiment  was  not 
pushed  beyond  this  point.  It  was  conclusively  shown  that  broken 
stones  of  the  ordinary  sizes  and  of  the  best  quality  for  wear  and 
durability,  with  the  greatest  care  and  attention  to  all  the  necessary 
conditions  of  rolling  and  compression  would  not  consolidate  in  the 
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effectual  manner  required  for  the  surface  of  a  road  while  entirely 
isolated  from  and  independent  of  other  substances.  The  utmost 
efforts  to  compress  and  solidify  them  while  in  this  condition,  after  a 
certain  limit  had  been  reached  were  unavailing. ' ' 

In  a  recently  published  text  book  on  Roads  and  Roadmaking,  by 
Fred.  P.  Spalding,  assistant  professor  of  civil  engineering  in  Cor- 
nell University,  the  author  says:  **In  more  recent  practice  it  has 
been  found  advantageous  to  use  a  certain  amount  of  finer  material 
to  fill  the  interstices  between  the  stones,  and  thus  aid  in  the  com- 
pacting of  the  road  as  well  as  render  it  less  pervious.  There  is  con- 
siderable difference  of  opinion  upon  this  point  among  road  builders. 
A  few  still  advocate  the  system  of  macadam,  others  place  a  thin 
layer  of  binding  material  upon  the  surface  of  the  road  and  work  it 
into  the  surface  voids,  while  still  others  distribute  the  binding 
material  through  the  entire  mass  of  stone  composing  the  road.'' 

With  softer  stone  than  the  trap  rock  that  has  been  used  on  the 
roads,  to  which  I  have  alluded,  it  might  be  practicable  to  try  to  com- 
pact the  road  with  only  the  screenings  and  dust  from  the  crusher. 
Unless  the  screenings  to  be  had  with  the  quantity  of  other  stone  used 
are  fully  sufficient  it  would  seem  to  be  best  to  use  in  addition  to  the 
screenings,  or  with  them,  a  sufficient  quantity  of  sand  or  other 
earthy  material  to  thoroughly  compact  and  consolidate  the  road  from 
the  outset. 

DISCUSSION. 

Query.  What,  in  Mr.  Augur's  opinion,  is  the  best  bonding 
material  for  broken  stone  1 

Mr.  Augur.  I  have  not  had  experience  with  enough  sizes  to 
speak  positively  on  this  point.  I  collected  the  authorities,  some  of 
whom  recommend  clay  or  gravel.  In  Middletown  we  have  had  no 
roller.  We  have  been  constructing  roads  not  in  a  model  way.  It 
has  been  deemed  necessary  by  the  street  commissioner  who  has  had 
charge  of  the  work  to  use  a  bonding  material  in  connection  with 
the  surface  of  the  roads,  and  he  has  selected  from  the  excavation 
material  most  free  from  cobble-stone  and  rubble.  I  do  not  know 
but  that  was  the  best  course  to  pursue  there.  Not  having  a  roller, 
it  was  necessary  to  resort  to  some  expedient.  I  have  been  of  the 
opinion  that  the  less  of  such  material  the  better,  provided  it  was 
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fully  compacted.  It  may  be  that  the  commissioners  can  tell  what 
their  experience  has  been  in  other  places.  I  am  sure  they  would 
have  noticed  the  same  thing . 

Mr.  Bunco  then  read  a  letter  from  Edgar  Clark,  of  Putnam,  in 
which  he  had  enclosed  the  following  extract  from  an  English  engi- 
neer in  relation  to  macadam  roads : 

**  Ordinary  English  county  roads,  30  feet  wide,  are  made  with 
center  6  inches  higher  than  the  sides,  and  water-ways  are  dug  out 
on  either  side.  The  shape  of  the  top  is  a  rounded  arch.  The 
practice  there  differs  in  many  ways  from  that  practiced  in  this 
country;  mainly,  however,  in  that  it  is  considered  over  there  a 
sine  qua  non  that  the  stone  shall  be  clean  and  free  from  mud ; 
that  no  mud  shall  be  allowed  to  be  mixed  with  the  new  metalling, 
and  that  before  repairing  a  road  all  mud  and  dirt  shall  be  care- 
fully scraped  off  while  the  road  is  very  wet.  The  practice  in 
England  is  to  dig  a  trench  of  the  requisite  depth,  say  14  or  16 
inches,  with  the  bottom  arched  (to  conform  to  the  road  to  be  fin- 
ished) ;  into  this  is  dumped  the  road-bed,  which  may  be  composed 
of  gravel,  burnt  clay,  boiler  ashes,  builder's  rubble,  or  soft  local 
stone.  This  is  raked  down  so  as  to  leave  a  layer  8  to  10  inches 
deep.  If  stone  is  used,  it  is  roughly  broken  to  say  the  size  of  the 
double  fist.  On  the  top  of  this  layer  is  dumped  in  heaps  at  short 
distances  the  broken  metal,  which  may  consist  of  granite,  mountain 
blue  stone,  trap  rock,  or  whatever  best  may  be  most  conveniently 
obtained,  broken  (preferably  by  hand)  so  as  to  be  uniform,  and 
nearly  cubical  as  possible,  and  of  a  size  as  just  to  pass  through  a  2h 
or  2J-inch  ring.  This  is  spread  out  by  means  of  rakes  and  shovels 
so  as  to  form  a  layer  6  inches  deep.  A  watering  cart  is  now 
sent  over  it  to  drench  it  and  enable  the  stone  to  slip  on  each  other 
more  easily,  and  immediately  behind  the  water  cart  follows  a  heavy 
steam  roller,  which  packs  the  stone  all  tightly  together.  After  this 
has  been  over  the  new  road  sufficiently  some  quarry  siftings  of  the 
same  stone  as  the  metalling  is  thrown  over  the  road  lightly,  just  sitf- 
ficient  to  fill  cavities  between  the  stone,  and  the  roller  is  run  over  again. 
Finally  some  sharp  sand  may  be  lightly  scattered  and  watered  and 
brushed  so  as  to  completely  fill  crevices  and  leave  no  appreciable 
residue  of  sand  on  top,  the  excess  being  brushed  towards  a  part  of 
road  not  yet  so  far  finished.  Thus  it  is  seen  all  clay  or  mud  has 
been   rigorously  excluded  ^nd  only  gritty  materials  used.     And  at 
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the  same  time  expense  has  been  saved  on  the  bottom  and  put  into  a 
generous  top-dressing,  which  alone  has  to  stand  the  wear  and  tear 
on  the  road/' 

Mr.  Chandler  then  read  the  following  extract  from  a  book  entitled 
'* Roads  and  Pavements  in  Prance/'  by  Alfred  Perkins  Rockwell, 
A.  M.,  Ph.  B.,  formerly  Professor  of  Mining  at  the  Sheffield  Scien- 
tific School  and  at  the  Massachusetts  Institute  of  Technology : 

'  *  Some  of  the  best  engineers  consider  the  point  now  well  settled 
that,  other  things  being  equal,  the  road-bed  is  so  much  the  better 
the  less  bond  is  used.  Where  there  is  no  roller  it  is  perhaps  better. 
Hence  no  bonding  material  should  be  mixed  with  the  stone,  but  be 
kept  free  from  all  foreign  matter  whatever. ' ' 

The  president  then  called  upon  Mr.  J.  H.  McDonald,  chairman 
of  the  Connecticut  State  Highway  Commission,  who  responded  as 
follows : 

Mr.  President  and  Gentlemen  op  the  Honorable  Profes- 
sion OP  Engineers  *. — It  affords  me  a  great  deal  of  pleasure  to 
meet  with  you.  I  have  no  doubt  but  what  the  engineers  have 
shal*ed  with  the  commission  in  the  arduous  labors  which  we.  have 
undertaken.  I  know  that  the  engineers  had  a  pretty  hard  road  to 
travel  in  the  short  time  allotted  them  to  get  the  road  or  plan,  make 
the  profile,  and  at  the  same  time  suit  all  the  parties  in  interest.  The 
commission  feel  very  grateful  for  the  assistance  rendered  them  by 
the  engineers  who  had  the  matter  in  charge.  I  was  pleased  and 
instructed  by  the  careful  comparison  and  analysis  submitted  by  Mr. 
Chandler,  of  Norwich,  a  gentleman  whom  I  had  the  pleasure  of 
meeting  more  frequently  perhaps  than  the  rest  of  you  gentlemen. 
I  think  none  of  us  can  know  too  much  or  have  too  great  a  knowl- 
edge of  roadmaking  or  road  laws.  I  think  that  in  some  respects 
the  Connecticut  law  is  better  than  the  laws  in  other  states  and  the 
reverse.  I  believe  the  experience  in  the  Massachusetts  commission 
was  that  it  was  inadequate  to  meet  the  requirements  they  had  there. 
I  believe  that  whatever  obstacles  confront  the  commission  and  those 
who  have  to  meet  them  will  be  remedied  in  the  next  legislature.  I 
think  Mr.  Augur  may  have  been  unfortunate,  and  so  was  led  to 
reach  the  conclusion  he  has.  His  contractors  were  a  little  Careless, 
and  the  material  was  not  what  the  specifications  required.  I  find 
no  difficulty  whatever  when  the  contractor  had  in  his  mind  a  dispo- 
sition to  do  everything  that  was  necessary  according  to  the  specifica- 
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tions  under  which  he  worked  and  was  fully  equipped  with  all  the 
tools  necessary  to  assist  him  and  did  not  fail  of  having  the  stone  he 
was  using  in  the  construction  of  the  road  as  the  specifications  m- 
tended.  I  have  seen  the  best  roads  I  ever  saw  constructed  as 
directed  by  the  commission,  roads  that  were  finally  passed  by  the 
commission. 

We  never  yet  refused  to  accept  a  smaller  grade  of  stone  than 
what  would  pass  through  an  inch  ring,  but  we  do  take  great  excep- 
tion to  having  the  larger  sizes  predominate.  When  the  commission 
took  hold  of  this  matter  everything  was  new.  A  wrong  system  of 
road  making  was  extant  in  the  state  and  has  not  been  entirely  gotten 
rid  of  vet.  The  telford  style  was  to  throw  in  the  larger  stone  hap- 
hazard throw  in  some  small  material  and  fill  in.  That  was  what 
was  called  telford.  They  had  never  laid  telford  as  is  called  for  in 
the  directions*v?f  the  commission.  They  said  when  they  came  to 
figure  on  a  job  Ifi^t  we  would  not  get  that  work  laid.  The  idea  of 
the  commission  w^^stead  of  having  stones  fixing  themselves  on  one 
another  until  the  sharj^  ©dg©s  had  become  worn  down,  to  fill  that 
void.  .  Then  the  upper  cou.i^  "^^^^^  *^^^^^  ^^^^  *^^  ™^®  *^®  ^^ 
solid.     I  quite  agree  with  W-  Augur  that  no  amount  of  rolKng 

would  compact  the  material  as  it^^^^^  ^^'  ^'^^  ^^  ^^^  ^  ^  ^'^• 
ment,  it  proves  that  the  smaller  stone  t^^ompacts  itself,  and  when  yon 
make  the  mass  as  solid  as  you  can  it  r^^^^^^  ^^®  '^^  ^""^&-  ^ 
think  our  position  will  be  sustained  by  men^J^^  ^*^^  ^^  *  ^^^ 
deal  of  macadam  work  in  the  state.  Principally^  perhaps,  I  bare 
in  mind  New  Haven.  We  have  done  a  great  deaA^  ^"'J'^  "^^^^ 
we  had  nothing  else.  Mr.  Hull  says  use  no  foreign  ma^"^  ^"^"^ 
the  screenings.  Mr.  McCauley  says  the  same  thing,  vl^^  ^^^ 
found  that  where  you  use  sand  or  other  material  it  dries  an<njf  ^^^ 
down  J  that  if  we  had  adopted  that  system  with  no  exceptic^ 
would  have  had  plenty  of  sand  and  little  else.  Even  in  towns  w 
they  were  using  sand  when  I  asked  why  they  used  sand  they  _. 
because  it  saved  carting.  In  reply  to  the  question,  **  Which  d( 
you  consider  better!'^  they  said,  *^The  screenings,  by  all  means/' 
So  you  see  the  commission  is  getting  pretty  good  backing  for  the 
system  they  have  adopted. 

The  crasher  men  need  to  have  their  plant  adapted  to  crushing 
the  stone  smaller.  I  find  where  the  smaller  stone  predominate  we 
have  much  better  roads.     It  does  not  kick  up  so  much.     I  have  in 
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mind  aroad  at  Snffield.  It  is  a  general  thoroughfare.  The  select- 
men say  it  is  splendid  and  as  hard  now  as  when  it  was  first  built. 
The  commission  had  the  privilege  of  overseeing  the  crusher  in  that 
case,  showing  that  when  we  could  take  care  of  it  we  could  regulate 
the  size  of  stone  used.  I  know  when  7  or  8  cars  come  along  there 
is  a  great  temptation  to  load  the  stone  on  and  not  keep  the  cars 
standing.  The  selectmen  are  anxious  to  throw  open  the  road.  But 
the  crusher  men  have  learned  something  this  year,  and  I  firmly  be- 
lieve that  next  year  the  stone  will  come  along  in  better  sizes  and 
kicking  up  will  not  occur.  In  the  average  country  road  we  find 
that  a  mixture  of  several  kinds  of  stone  gives  a  better  structure 
than  a  light  stone  would.  If  the  crusher  man  would  righteously 
keep  his  agreement  we  could  turn  out  better  roads.  A  great  deal 
depends  upon  the  careful  rolling  of  the  road.  I  have  in  mind  the 
road  at  Berlin.  It  is  a  nice  piece  of  road.  These  roads  were  con- 
structed by  having  crusher  plants  on  the  side  of  the  road.  The 
temptation  on  the  part  of  the  crusher  men  is  great.  They  can  get 
out  20  or  30  tons  faster  per  day  if  they  could  load  the  larger  stone 
together  with  the  smaller.  I  believe  Brother  Augur's  opinion  is 
based  upon  the  work  he  was  unfortunately  connected  with. 

Several  questions  have  arisen  about  the  construction  of  roads, 
and  inquiries  have  been  made  by  the  commission.  Perhaps  it 
would  be  well  to  speak  of  these  things  here  and  now,  because  we 
are  a  sort  of  partnership.  The  Association  and  the  commission 
must  be  closely  allied.  There  have  been  questions  asked  as  regards 
the  depth  of  the  macadam  treatment.  In  some  instances  we  have 
been  asked  to  make  it  8  or  10  inches,  some  12  inches,  and  some 
whether  we  used  a  base  of  6  inches.  The  commission  have  not  had 
any  iron-clad  position  in  regard  to  this  matter  except  this :  special 
stress  must  be  laid  upon  preparing  the  bed.  All  spongy  material 
must  be  eliminated  and  anything  that  would  have  ruts  or  a  tendency 
to  settle.  So  we  say  were  we  limited  to  the  amount  of  money  at 
our  disposal,  to  make  that  money  go  as  far  as  possible  and  give  as 
long  a  road  as  possible,  the  cheapest  material  would  be  gravel.  On 
a  road  where  there  was  a  sewer  a  12-inch  construction  of  telford 
would  be  the  better  treatment.  I  realize  that  surveyors  go  into  a 
place  in  July  and  do  not  know  that  in  the  fall  of  the  year  it  is  a 
swampy  and  boggy  place.  I  have  found  upon  asking  why  a  certain 
piece  of  road  was  going  down  that  it  was  a  swampy  place.     I  know 
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that  information  was  not  accorded  the  engineer,  and  I  would  recom- 
mend the  lifting  up  of  that  part  of  the  road.  In  the  limited  time 
allowed  the  commission  this  year  it  was  impossible  to  do  this  work 
properly.  Some  of  our  engineers  had  6  or  8  towns.  Messrs. 
Chandler  and  Augur  each  had  7  towns  to  put  down  in  August  and 
September.  You  can  readily  see  there  was  not  much  time  to  scour 
around  among  the  neighbors  and  find  out  about  the  roads.  Some 
of  you  may  think  we  were  making  work  for  the  surveyors  in  having: 
the  houses  platted.  We  felt  that  the  first  and  most  paramount 
thing  to  be  done  was  to  have  an  intelligent  understanding  carried 
out  by  competent  surveyors.  Speaking  of  land  surveyors,  I  had 
one  of  them  come  in.  He  said,  **I  don't  know  much  about  this, 
but  I  fixed  up  a  tripod  and  peep-sight.''  I  said,  "How  did  you 
level  up?"  He  replied,  **It's  a  darn  sight  better  than  it  was 
before.     That's  all  I  know  about  it." 

In  towns  where  they  have  excessively  heavy  grades  we  have 
allowed  state  money  to  assist  in  grading  these  roads  first,  because 
we  believe  that  an  easement  of  the  grades  would  be  better  than  to 
harden  the  roads  first.  One  helpful  thing  we  have  found  is  this, 
that  the  selectmen  realizing  the  small  amount  of  money  allowed  to 
do  that,  they  selected  a  very  bad  spot  in  the  road  and  fixed  that  first. 
Often  that  half-mile  of  road  was  what  shut  out  the  carrying  of 
freight  on  that  road.  That  little  piece  made  the  whole  road 
useless.  Repairing  that,  has  probably  put  the  whole  road  between 
these  towns  in  good  shape.  While  the  commission  are  still  of  the 
opinion  that  the  state  road  is  the  best  road  that  can  be  built  for  all 
purposes,  at  the  same  time  we  feel  that  we  ought  to  listen  to  those 
towns  that  have  no  money  to  do  with.  Towns  with  200  miles  of 
roads  and  taxes  all  they  can  bear,  the  commission  have  felt  they 
would  let  them  come  in  in  some  way  for  some  of  the  benefit.  We 
believe  in  the  interest  of  fair  play  and  right,  these  towns  should  be 
given  some  help  in  the  betterment  of  their  roads. 

President  Smith.  I  am  glad  to  find  Mr.  McDonald  has  stated 
his  case  very  well.  I  am  glad  the  commission  have  decided  to  help 
these  small  towns  outside.  I  have  in  mind  a  small  poor  town.  They 
have  steep  grades  and  many  miles  of  highways  not  used  by  them- 
selves, but  by  the  outside  towns  for  outside  travel.  In  these  cases 
I  think  in  justice  to  these  towns  part  of  the  money  should  be  given 
them  for  these  places.      I  think  the  towns  will  be  well  disposed 
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toward  the  law,  and  will  help  in  improving  it  if  that  policy  is  carried 
out. 

Mr.  Chandler.  Mr.  McDonald  has  kindly  told  us  what  they 
are  going  to  do  about  some  matters,  I  would  like  to  ask  a  question 
about  another  point.  If  75  or  100  or  150  towns  avail  themselves  of 
this  oflfer,  are  you  going  to  give  them  all  $1,000  apiece,  or  $3,000 
apiece,  as  long  as  they  come? 

Mr.  McDonald.  The  commission  are  in  rather  a  peculiar  posi- 
tion. Naturally  we  feel  gratified  that  the  roads  that  have  been  laid 
have  given  splendid  satisfaction.  We  would  like  to  have  in  every 
town  in  Connecticut  a  sample  of  this  road.  We  know  it  would  cost 
considerable  to  the  towns,  because  a  contractor  would  charge  more 
for  one-quarter  of  a  mile  than  for  one-half  a  mile  relatively.  We 
could  not  give  more  than  $1,000  to  a  town.  We  have  used  up  the 
whole  of  the  $75,000.  On  the  basis  we  have  worked  the  past  year 
we  have  been  unable  to  assist  more  than  80  towns.  If  there  were 
100  towns  it  would  be  less.  This  year  we  intend  to  set  a  time  for 
the  applications.  Then  sit  down  and  notify  the  towns  how  much  we 
can  allow.  We  would  gladly  have  all  the  towns  come  in,  but  the 
more  that  come  in  the  less  roads  will  be  laid.  If  we  could  tell  a 
contractor,  '*  You  can  go  into  a  town  and  build  two  miles  of  road,'' 
he  could  bring  in  his  tools  and  implements  and  work  much  more 
cheaply.  Though,  I  must  say,  the  work  done  this  year  compares 
very  favorably  with  any  roads. 

Mr.  Wadsworth.  Do  you  allow  any  kind  of  rock  other  than  trap 
rock  to  be  used. 

Mr.  McDonald.  Oh,  Yes.  Where  it  is  far  from  railroads,  and 
is  very  expensive  to  the  town,  we  have  allowed  them  to  use  gravel. 
We  started  out  to  have  nothing  but  trap  rock,  but  the  contractors 
charged  so  high  that  we  had  to  allow  them  to  use  native  rock  or  other 
material.     We  shall  allow  the  same  this  year. 

Mr.  Olmsted.  In  using  other  than  broken  rock  I  would  like  to 
know  whether  the  treatment  of  the  material  would  be  somewhat  on 
the  line  of  the  treatment  of  broken  stone?  If  the  road  is  made  of 
gravel  would  the  treatment  be  the  same  as  broken  stone  ? 

Mr.  McDonald.  In  my  judgment  a  gravel  road,  as  usually 
understood,  is  not  a  very  good  institution,  but  if  screened  through  a 
J-inch  screen  and  put  on  in  layers  of  2  or  3  inches,  two  layers  making 
7  inches,  and  2  inches  of  refuse,  making  what  we  call  pea  stone,  you 
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can  make  a  good  road.  Make  a  gravel  road  of  that  character  and 
you  have  got  as  good  a  road  as  ever  was  constructed.  If  you  have 
got  nice  blue  or  red  gravel  it  has  good  cementing  qualities.  Wet  it 
down  and  put  it  on  in  small  layers  and  you  can  make  a  splendid  road. 
The  main  idea  of  a  gravel  road  is  to  dig  up  any  gravel  thrown  on 
the  road  loosely  or  there  is  no  road  bed.  Where  there  is  discretion 
used  you  can  make  beautiful  roads.  I  have  been  up  to  dear  old 
Suffield  and  seen  beautiful  roads,  and  at  other  places.  There  are  a 
great  many  places  where  they  do  not  use  anything  but  gravel.  It 
does  not  require  much  skill  or  treatment  to  lay  a  good  gravel  road.  It 
is  a  home  product  that  can  be  done  by  home  labor,  so  that  it  suggests 
keeping  the  money  at  home.  •  I  have  an  idea  that  it  will  be  very 
popular  with  the  towns. 

Mr.  Olmsted.  Mr.  McDonald  has  said  that  a  spirit  of  co-partner- 
ship ought  to  prevail  between  the  commissioners  and  the  surveyors 
of  the  state.  While  we  may  differ  as  to  construction  I  believe  we 
should  heartily  hold  up  the  hands  of  the  state  commission.  It 
relieves  the  engineers  and  the  contractor,  in  a  large  measure,  of 
personal  responsibility.  If  the  contractor  carries  out  the  plan  and 
specifications  of  the  engineer  it  insures  the  success  of  the  plan  of  the 
state.  I  have  an  idea  it  will  result  in  some  very  fine  roads  in  this 
state.  But  I  do  believe,  Mr.  Chairman,  and  I  speak  from  an  experi- 
ence of  about  ten  miles  of  macadam  road,  that  it  is  utterly  impossible 
to  so  compact  broken  stone,  trap  rock  of  whatever  mixture,  to  so 
compact  it  with  any  roller  that  there  will  be  no  interstices  between 
the  stone.  It  then  becomes  a  question  whether  we  will  allow  these 
interstices  to  be  filled  with  some  material  that  will  surely  get  there, 
or  we  will  fill  them  with  a  binding  material  we  would  like  to  see 
there.  If  a  binding  material  is  good  for  the  top  of  the  road  it  is  good 
for  the  bed.  If  the  top  needs  binding  the  bottom  needs  it.  If  these 
interstices  are  not  filled  with  some  material  that  will  not  allow  the 
stones  to  slip  they  will  become  filled  with  material  that  will  be  upset 
and  allow  the  stones  to  slip.  That  is  the  result  of  an  experience 
which  has  continued  over  a  period  of  about  seven  years  in  the  con- 
struction of  macadam  roads.  We  are  here  to  learn  from  the  experi- 
ence of  each  other.  I  hope  we  shall  get  a  very  full  expression  of 
how  macadam  roads  should  be  constructed. 

Mr.  Wads  worth.  I  have  had  quite  a  little  experience  in  putting 
down  stone  roads.     I  was  interested  in  the  stone  crusher  in  South- 
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ington.  To  get  it  working  I  put  down  some  in  front  of  my  house. 
I  put  on  all  screenings,  and  everybody  was  swearing  about  riding 
over  my  rough  road.  The  next  year  the  screenings  were  blown  into 
the  neighboring  fields,  and  next  the  road  dust  was  blown  into  the 
houses.  Another  year  1  had  to  put  on  more.  The  main  road  was 
swampy  or  marshy,  would  not  hold  up  a  horse  in  the  spring  or  fall. 
After  the  wagons  had  been  driven  over  it  there  was  no  bonding  put 
on.  I  think  that  is  the  best  road  ever  built  in  Farmington.  On 
another  road,  after  raking  the  road  and  putting  on  the  screenings,  it 
took  a  very  short  time  to  compact  the  surface.  The  stones  became 
triturated  in  a  short  time  and  all  the  surface  was  smooth.  The  stone 
were  all  uniform,  not  over  two  inches  in  size.  I  believe  the  road  is 
better  without  bonding.  Of  course  it  would  require  hand  labor  in 
leveling  the  road.     The  road  is  better  without  the  foreign  material. 

Mr.  Olmsted.     What  would  you  consider. foreign  material? 

Mr.  Wadsworth,  Sand.  Sand  is  used  to  make  the  road  ser- 
viceable quicker.  Of  course  you  form  ruts  and  allowing  teams  to 
go  over  it  makes  a  worse  road  than  the  country  road  ever  was. 

Mr.  Chandler.  DonH  the  horses  and  oxen  put  considerable 
foreign  material  on  in  two  or  three  weeks,  and  bring  on  mud  from 
either  end  of  the  road  f 

Mr.  Wadsworth.  Oh,  yes,  what  nature  provides.  Of  course 
what  fills  the  interstices  afterwards  is  the  trituration  and  forms  a 
road  and  makes  it  complete.  Where  that  swale  was  the  covering 
only  6  inches  deep  was  solid,  so  that  loads  of  2  or  3  tons  did  not  cut 
through. 

Mr.  Loomis.  I  don't  see  any  practical  changes  from  the  old 
English  method. 

Mr.  Olmsted.  I  think  too  little  has  been  said  on  the  prepara- 
tion of  the  road-bed.  I  believe  it  is  of  the  highest  importance  that 
the  road-bed  should  be  brought  to  the  highest  condition  possible 
before  there  is  any  application  of  the  broken  stone  to  the  surface, 
and  to  make  the  bed  the  same  condition  as  nearly  as  possible 
throughout.  In  our  construction  at  East  Hartford  it  has  been  our 
practice  to  make  the  covering  of  sand.  It  makes  a  blanket  cover- 
ing for  the  broken  stone.  It  is  easier  to  bring  the  bed  to  the  true 
surface  than  anything  we  have  struck.  The  proper  preparation  of 
the  road-bed  and  the  material  are  of  the  first  importance. 

Mr.  Burt.     I  only  wish  to  emphasize  what  has  been  said  in  ref- 
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erence  to  keeping  out  foreign  material.  The  theory  of  selecting 
and  placing  stones  to  get  a  solid  bed :  The  interstices  should  be 
filled  with  screenings,  and  the  whole  thoroughly  leveled  at  time^ 
without  any  foreign  material  at  all.  Add  to  that  good  drainage, 
with  the  slope  of  the  road  and  the  cross-section  on  the  former  foun- 
dation would  constitute  a  good  road.  I  donH  think  the  subject  of 
drainage  has  been  given  as  much  prominence  as  it  should  have 
been.     To  my  mind  it  is  one  of  the  most  important  features. 

Mb.  McDonald.  I  have  been  asked  to  say  that  there  is  one 
point  I  did  not  touch  on.  That  is  what  I  found  a  very  critical  part 
of  road  construction ;  that  is,  the  finishing.  I  omitted  to  speak  of 
that.  In  the  general  discussion  we  agree.  It  is,  no  doubt,  a  crit- 
ical part  of  road  construciion.  I  have  found  in  some  placets  that 
the  contractors  have  taken  their  screenings,  put  them  in  a  large 
pile,  wet  them  down,  and  carted  them  on  the  job  and  undertaken 
to  roll  them  down  and  fill  the  interstices  in  the  stone.  I  find  the 
proper  way  is  to  put  it  on  in  small  portions  and  then  wash  in  before 
repeating  the  process.  And  then,  by  all  means,  keep  off  the  teani> 
and  not  destroy  the  bond.  A  team  run  on  at  the  critical  time  picks 
up  the  stone  and  it  is  impossible  to  get  a  perfect  bond.  So  much 
have  the  commission  been  impressed  with  the  importance  of  the 
point  that  they  have  insisted  that  the  contractors  must  scatter  the 
entire  load  and  fill  uniformly  over  the  road  and  let  it  receive  uni- 
form compression.  You  can  see  that  if  a  team  is  allowed  to  go  on 
there  at  the  critical  time  you  will  destroy  the  bond  of  that  road. 
While  others,  who  understand  it,  work  that  up  to  a  splendid,  nice 
solid  road,  they  err  in  trying  to  get  through  the  job  too  soon.  I 
can  not  lay  too  much  stress  in  the  specifications  upon  laying  on  the 
screenings.  Some  say  it  must  be  rolled  3  or  4  times.  I  s{>eak  of 
a  case  of  stone  coming  from  a  moimtain  side.  I  had  a  job  in  the 
state  to  look  after.  It  had  splendid  treatment.  It  was  under  the 
inspection  of  a  man  from  the  town.  He  was  using  small  stones 
in  squares  that  had  dropped  down.  He  spent  any  quantity  of  time 
and  watered  the  screenings,  but  these  little  jokers  would  not  roll 
down  smooth.  I  firmly  believe  that  these  little  stone  were  so  square 
that  they  would  not  roll  down.  Some  were  one-half  inch,  some 
three-quarter  inch.  I  think  it  will  take  a  good  deal  of  travel  before 
the  road  gets  down.  I  think  best  to  specify  that  it  shall  be  rolled 
sufficiently  to  be  firm,  unyielding  and  uniform.     You  can  fill  up 
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roads  and  get  a  uniform  road,  after  a  surface  is  smooth.  It  is 
almost  impossible  to  get  a  horse  roller  to  make  a  good  road.  You 
must  use  a  steam  roller.  I  believe  that  point  to  be  admitted  by 
everybody  who  has  had  experience. 

Mr.  Olmsted.  Would  you  advise  the  use  of  brooms  in  working 
in  the  screenings  ? 

Mr.  McDonald.  I  am  glad  you  spoke  of  that.  I  don't  think  I 
would.  Take  the  back  of  a  rate  and  rake  it  in.  If  the  screenings 
are  dry  scatter  them  on  half  a  shovelful  at  a  time  and  take  the  back 
of  a  rake  and  rake  them  down  smooth.  I  think  you  will  get  a 
good  surface  so.     The  interstices  will  all  be  filled. 

Mr.  Chandler.  One  is  rather  obliged  to  drive  his  watering  cart 
on  the  road  to  wet  it  down. 

Mr.  McDonald.  If  you  get  your  bond  set  up  it  wonH  hurt 
much. 

Mr.  Augur.  Mr.  Chandler's  remarks  remind  me  of  the  speci- 
fications in  St.  Louis.  They  require  the  wetting  to  be  done  with  a 
rose  on  the  end  of  a  hose  from  a  hydrant.  I  did  not  intend  to  im- 
ply that  a  bonding  material  should  be  used  on  all  roads.  In  one 
case  the  screenings  were  piled  up  and- wet  with  a  hose  to  save  cart- 
ing on  with  a  team.  It  really  prevented  the  sifting  down  of  the 
screenings  into  the  interstices  as  they  should  have  done.  I  think 
the  stone  came  from  the  crusher  with  too  large  an  amount  of  coarse 
stone  and  too  inadequate  a  supply  of  screenings.  Wherever  mac- 
adam road  is  built  it  requires  6  inches  of  crushed  stone.  If  a  con- 
tractor gets  the  proper  amount  of  crushed  stone,  he  gets  a  larger 
amount  of  screenings.  I  have  thought  that  might  be  the  cause  of 
the  failure  of  the  3  roads  I  mentioned.  Would  it  not  be  better  in 
some  cases  to  insure  a  quick  surface  bonding  ?  I  certainly  do  not 
favor  using  a  foreign  material  if  it  is  possible  to  compact  the  sur- 
face of  the  road  without  it. 
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FLOOR  SYSTEM  FOR  FACTORIES. 

BY  EDWARD  O.  GOSS,  WATERBUEY. 


In  dealing  with  this  subject  this  paper  will  discuss  only  the  forms 
of  construction  designated  by  the  insurance  underwriters  as  **  Stan- 
dard Mill  Construction. '^  The  joisted  construction  having  been 
unconditionally  condemned  as  too  dangerous  to  be  sanctioned,  and 
the  so-called  *  *  fire-proof ' '  construction  having  proved  questionable 
as  to  its  power  of  resistance  to  hot  fires  and  too  expensive  for  the 
generality  of  manufacturing  establishments. 

The  interest  on  the  cost  of  an  adequate  fire-proof  floor  is  in  itself 
a  heavy  premium  on  insurance  when  the  very  low  rates  obtainable 
on  well  constructed  and  equipped  timber  floors  are  considered.  On 
the  other  hand,  the  low  cost,  simplicity  of  design,  ease  of  construc- 
tion by  ordinary  contractors,  general  convenience  and  extraordinary 
capacity  for  confining  fires,  commend  the  solid  plank  floor  to  all. 

For  the  columns  or  posts  Georgia  pine  of  the  long  leaf  variety  is 
by  far  the  best  material,  except  when  the  loading  or  length  is 
extreme,  in  which  case  steel  heavily  protected  by  fire-proofing 
materials  is  to  be  recommended. 

The  girders  should  in  all  cases  be  so  supported  that  the  columns 
may  be  continuous  through  the  full  height  of  the  structure.  The 
practice,  too  frequently  followed,  of  allowing  a  timber  to  come 
between  the  top  of  one  post  and  the  foot  of  the  one  above,  should  be 
condemned  in  structures  of  more  than  two  stories,  because  the 
excessive  shrinkage  of  timber  across  the  grain  causes  the  center  of 
the  upper  floors  to  drop  more  than  is  convenient  or  necessary.  The 
writer  has  observed  a  settlement  of  three,  inches  in  the  upj>er  floor 
of  a  five-story  building,  due  solely  to  the  construction  described. 
There  are  many  ways  of  avoiding  this  contingency,  among  the  best 
and  cheapest  of  which  is  the  use  of  a  long  cast  iron  cap  to  support 


AND  SURVEYORS  ASSOCUtlON.  67 

the  ends  of  the  girders,  the  upper  column  being  supported  either 
through  an  iron  pintle  or  directly  on  the  cap,  the  timbers  being 
framed  around  it  in  either  case. 

All  posts  larger  than  eight  inches  square  should  be  bored  through 
the  center  to  prevent  checking  during  seasoning.  The  practice, 
sometimes  indulged  in,  of  rounding  or  tapering  columns,  is  too  bar- 
barous to  be  tolerated. 

Regarding  the  girders,  enough  might  easily  be  said  to  severely 
tax  your  patience. 

The  length  of  span  and  width  of  bay  are  of  course  limited  by  the 
amount  of  admissible  deflection  under  maximum  loading.  A 
secondary  limitation  of  the  width  of  bay  is  the  proper  lighting  of 
the  building,  if  of  brick  walls. 

It  may  be  proved  that  for  best  results  the  limits  of  the  width  of 
the  bay  are  seven  and  ten  feet.  The  minimum  on  account  of  cost 
and  light,  the  maximum  on  account  of  deflection  between  beams. 
For  metal  working  establishments  eight  feet  seems  to  be  most 
favored,  while  for  textile  work  ten  feet  may  be  employed  with 
advantage. 

The  span  should  never  exceed  twenty-five  feet  for  any  loading, 
unless  the  girders  be  trussed,  since  a  very  conservative  load  would 
give  a  deflection  sufficient  to  throw  the  machinery  too  much  out  of 
level,  and  the  vibration  under  live  loads  would  be  very  destructive. 

Expert  opinion  differs  as  to  the  relative  merits  of  steel  and  Georgia 
pine,  with  the  cost  and  convenience  largely  in  favor  of  the  latter ; 
as  to  fire  hazard,  it  depends  entirely  upon  the  occupancy  of  the 
building,  and  no  general  statement  can  be  made.  My  own  belief  is 
that  the  timber  is  the  safer  under  ordinary  conditions  met  with. 

If  steel  be  adopted  it  should  never  be  punched  through  the  flange 
for  floor  fastenings.  Some  other  method,  of  which  several  are  avail- 
able, should  be  employed.  When  timbers  are  used  and  the  loading 
indicates  anything  over  ten  inches  by  fourteen  inches  in  size,  they 
should  be  used  in  pairs  of  one-half  the  width,  and  a  space  of  an 
inch  maintained  between  them  by  separating  washers  or  distance 
pieces.  These  timbers  must  be  thoroughly  bolted  together,  and  the 
bolts  kept  tight.  This  method  of  construietion  favors  the  seasoning, 
avoids  checking,  and  facilitates  erection.  Another  advantage,  and 
probably  the  most  important,  is  the  fact  that  the  timber  will  come 


68  CONNECTlCltT  C5IVIL  ENGINEEES 

with  fewer  defects,  and  any  that  are  at  all  suspicuons  can  be  matched 
up  with  those  of  more  than  average  soundness. 

The  timbers  should  in  all  cases  be  cut  over  the  posts;  first,  because 
continuous  girders  are  not  advisable  in  factories,  on  account  of 
counter  vibrations  under  live  loads ;  second,  because  long  timbers  are 
expensive,  hard  to  get,  and  difficult  to  erect  without  conflict  between 
mason  and  carpenter. 

The  floor  itself  should  always  be  built  up  of  two  parts  at  least. 
In  calculations  for  thickness  of  planks,  no  account  should  be  made 
of  the  finish  floor,  as  its  value  for  strength  is  uncertain  at  best. 

Sound  spruce,  as  dry  as  it  is  possible  to  procure,  should  form  the 
backbone  or  under  planking.  It  is  nearly  as  strong  as  Georgia  pine 
or  oak  and  easier  to  obtain  in  the  shape  requireid.  Under  three 
inches  in  thickness  it  may  be  matched,  but  three  inches  or  over  it  is 
better  to  be  jointed  and  grooved  for  hard  wood  splines. 

The  spiking  or  other  fastening  should  be  in  both  edges  at  each 
bearing  to  prevent  the  curling  to  which  this  lumber  is  subject  in 
seasoning.  No  width  of  more  than  eight  inches  is  desirable,  as  wide 
stock  now  obtainable  at  moderate  price  is  apt  to  come  shaky,  and 
market  spruce  is  always  green. 

If  the  calculation  indicates  a  thickness  of  four  inches  or  more,  it 
is  preferable  to  use  planks  an  inch  thinner  and  supplement  them 
with  li"  X  6"  matched  spruce  boards,  laid  diagonally  on  the  planks. 
This  statement  appears  at  first  thought  to  be  questionable,  but  prac- 
tice has  proved  its  truthfulness.  The  planks  are  apt  to  be  sounder 
when  thin,  and  if  the  boards  are  thoroughly  nailed  with  lOd  naik 
in  each  edge  in  parallel  lines,  say  16"  apart,  the  strength  of  the 
nailing  against  shear  is  much  in  excess  of  the  sheanng  stress  along 
the  line  of  cleavage,  leaving  out  of  account  the  friction,  and  the 
stiffening  of  the  whole  structure  against  lateral  vibrations  is  very 
marked.  It  also  reduces  to  a  minimum  the  liability  of  dust  sifting 
through  the  joints  between  the  planks  to  the  damage  of  machinery 
below.  Again  it  enables  us  to  lay  the  finishing  or  wearing  floor 
lengthwise  of  the  building,  which  contributes  largely  to  the  ease  of 
trucking  and  the  life  of  the  floor. 

The  finish  floor  should  always  be  a  first-class  quality  of  maple,  no 
other  material  is  half  as  ^ood,  and  should  be  nailed  the  same  as  the 
intermediate  floor,  but  in  diagonal  lines  at  right  angles  to  it  in  order 
that  the  intermediate  boards  and  planks  below  shall  each  take  their 
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share  of  the  load.  Matched  stuff  may  be  used  where  it  is  desired 
to  obtain  a  smooth  finish,  but  it  is  difficult  to  replace  when  worn  out 
and  costs  at  least  10  per  cent,  more  than  the  square  edged  stock. 
It  is  well  to  lay  between  the  intermediate  floor  and  the  planks  or 
finish  floor  a  fire  and  water-proof  building  felt.  This  costs  but  little 
more  than  the  ordinary  inflammable  papers  and  is  a  very  effective  way 
to  stop  a  fire  from  eating  down  from  above.  It  can  be  laid  without 
being  torn  if  proper  care  is  taken. 

Such  a  floor  system  as  described  may  be  depended  upon  to  yield 
a  maximum  efficiency  at  low  cost,  if  the  construction  be  conscien- 
tiously carried  out  and  the  materials  properly  chosen. 


DISCUSSION   BY  MR.    JARVIS. 

I  do  not  agree  with  Mr.  Goss  in  what  he  says  in  the  first  paragraph 
in  his  j)aper :  * '  The  so-called  fire-proof  construction  having  proved 
questionable  as  to  its  power  of  resistance  of  hot  fires,  is  too  expen- 
sive for  the  generality  of  manufacturing  establishments.'' 

I  believe  that  a  great  deal  of  misapprehension  exists  as  to  what 
constitutes  a  fire-proof  construction.  It  was  the  height  of  folly  to 
build  a  manufacturing  plant  of  fire-proof  construction,  and  then  fill 
the  interior  with  combustible  material.  There  is  no  construction 
that  will  resist  fire  when  there  is  a  sufficient  quantity  of  combus- 
tible matter  to  feed  the  fire.  A  manufacturing  plant  which  requires 
a  large  amount  of  wood  work  in  the  interior,  or  in  which  wood  con- 
stitutes a  large  part  of  the  product,  should  not  be  constructed  in  a 
fire-proof  manner,  for  it  is  money  wasted;  but  the  cheapest  con- 
struction which  will  do  the  work  under  these  conditions  is  the  best. 

The  main  objection  which  I  have  to  offer  to  the  construction  pro- 
posed by  Mr.  Goss  is  that  at  the  present  time  it  is  almost  impossible 
to  get  seasoned  lumber.  Mr.  Goss  notes  that  the  top  floor  in  the 
five-story  building  deflected  3  inches  at  the  center  owing  to  the 
shrinkage  of  timber.  This  would  be  at  the  rate  of  one- half  inch 
per  floor. 

It  is  perhaps  a  difficult  matter  to  figure,  but  it  is  no  difficult  mat- 
ter to  note  in  practice  that  the  power  required  to  drive  shafting 
attached  to  a  floor  or  wooden  girder  of  this  kind  would  be  very 
large.     The  experience  of  the  writer  in  connection  with  this  matter 
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was  in  a  wooden  building  in  the  plant  of  the  Berlin  Iron  Bridge 
Co.,  that  60  per  cent,  of  the  power  generated  was  consumed  in  the 
simple  turning  of  shafting,  while  in  the  case  of  an  iron  building  this 
reduced  itself  to  as  low  as  10  per  cent.  I  therefore  believe  that  a 
construction  using  iron  girders  and  posts  for  the  floor  supports  will, 
notwithstanding  the  extra  cost,  save  itself  in  a  short  time,  on  account 
of  the  building  holding  itself  in  perfect  line  so  much  better,  and 
the  power  required  to  operate  the  machinery  will  be  enough  less  to 
save  a  large  percentage  on  the  increased  cost. 

I  note  what  Mr.  Gross  says  in  reference  to  continuous  girders,  and 
I  beg  to  disagree  with  him;  as  I  believe  that  they  not  only  do  not 
add  to  the  vibration  of  the  building,  but  that  they  actually  diminish 
the  vibrations,  and  that  the  continuous  girder  is  stronger  than  a 
girder  simply  supported  at  the  ends,  and  the  experience  of  the 
writer  is  that  the  continuous  girders  prevent  rather  than  add  to  the 
vibrations  from  moving  machinery. 

The  plan  of  floor  construction,  as  proposed  by  Mr.  Goss,  we  be- 
lieve objectionable,  by  reason  of  the  large  number  of  pieces  used. 
We  believe  that  no  shop  floor  with  the  supports  8  feet  apart  should 
be  less  than  4  inches  thick,  and  instead  of  using  a  3-inch  course 
and  a  1-inch  course,  we  recommend  that  the  floor  be  made  4  inches 
thick,  and  that  no  plank  be  used  wider  than  6  inches,  and  that  it  be 
tongued  and  grooved.  I  can  see  no  object  in  laying  the  wearing 
surface  of  a  shop  floor  with  the  line  of  travel.  A  shop  floor  does 
not  differ  materially  in  use  from  a  floor  of  a  highway  bridge,  and 
the  experience  of  the  writer  has  been  that  the  wearing  surface  on  a 
floor  of  a  highway  bridge  will  last  much  longer  when  laid  transverse 
to  the  line  of  travel  than  when  laid  with  the  line  of  travel.  If  the 
timber  used  in  the  floor  is  placed  plain  to  exact  size  and  thickness 
and  the  wearing  surf  ace  is  properly  matched  there  will  be  no  trouble 
about  the  roughness,  and  the  only  advantage  which  can  possibly 
accrue  from  laying  the  floor  with  the  travel  would  be  eliminated. 
A  happy  medium  is  sometimes  adopted  on  highway  bridges  of  lay- 
ing the  wearing  surface  diagonally. 

DISCUSSION   BY   MR.    GOSS. 

Mr.  Jarvis  has  well  stated  that  the  main  objection,  after  all,  to 
the  purely  timber  construction — and  it  applies  with  equal  force  to 
the  *  *  composite ' '  construction — is  the  fact  that  seasoned  lumber  l> 
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quite  the  unattainable  ;  and  my  own  experienpe  has  led  me  to  offer 
the  floor  system  described  as  the  best  solution  of  the  problem,  when 
cost  and  efl&ciency  are  taken  as  the  co-ordinate  factors  in  the  func- 
tion of  the  design. 

In  citing  the  instance  of  the  absorption  of  power  in  main  trans- 
mission shafting  in  his  works,  it  would  have  been  a  more  instructive 
comparison  if  all  the  data  connected  therewith  had  been  ^ven, 
such  as  the  relative  sizes  of  the  shafts,  the  speed  of  rotation,  the 
condition  of  the  bearings  and  alignment,  means  of  lubrication, 
amount  of  power  transmitted  proportional  to  transverse  strength  of 
shafting,  location  of  pulleys,  and  the  general  condition  of  each  line 
compared. 

I  have  reason  to  believe  from  personal  observation  that  if  the  new 
line  had  been  erected  in  the  old  building  as  carefully  as  it  was  in 
the  new  one  it  would  have  shown  equal  efficiency,  provided  the 
framing  was  proportioned  with  due  regard  to  the  lateral  strains  im- 
posed by  the  belting. 

In  the  matter  of  the  undesirability  of  continuous  girders  under 
live  loading  I  did  not  intend  to  imply  that  the  total  vibration  of  the 
structure  as  a  unit  could  be  lessened  by  cutting  the  timbers  over 
supports,  but  that  the  individual  machines  would  be  less  unfavor- 
ably affected  if  the  counter  vibrations  were  reduced  to  a  minimum. 

To  compare  the  wear  on  a  factory  floor  with  that  on  a  bridge 
floor  is  rather  unfair  to  the  latter,  as  no  one  expects  to  replace  the 
wearing  surface  in  a  factory  under  15  years,  and  it  is  not  subject 
to  the  destructive  action  of  the  weather ;  furthermore,  what  would 
be  considered  as  a  very  smooth  bridge  floor  under  traffic  borne  upon 
large  wheels,  would  prove  a  very  rough  one  if  the  traffic  were  car- 
ried on  wheels  6  to  12  inches  in  diameter. 

DISCUSSION  BY  BURR  K.  FIELD. 

Mr.  Goss  seems  to  have  entirely  overlooked  the  question  of  the 
vibration  of  the  beams  in  the  floor  system  due  to  the  shrinkage  of 
the  timbers,  in  his  comparison  of  the  value  of  steel  and  wood  for  the 
beams  and  posts  of  floors.  We  agree  with  Mr.  Goss  in  his  state- 
ment that  solid  plank  flooring,  without  openings  in  the  floor,  is  the 
very  best  construction,  but  beg  leave  to  differ  from  him  in  the  con- 
elusion  arrived  at  concerning  the  comparative  value  of  steel  and 
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wood  for  the  balance  of  the  floor  system.  Besides,  it  seems  to  the 
writer  that  more  accurate  results  can  be  arrived  at  by  considering 
the  outer  shell  or  side  walls  of  the  building  in  connection  with  the 
floor  system. 

First,  allow  me  to  quote  from  Woodbury's  **Pire  Protection  of 
Mills  and  Construction  of  Mill  Floors. ''  He  states  that  **the  con- 
sequences of  mill  vibration  in  the  power  absorbed  by  its  exertion, 
in  the  continual  straining  of  machinery  and  mill,  must  inevitably 
tend  to  damaging  results  to  plant  and  product. ' '  This  writer  goes 
so  far  as  to  say  that  the  only  sure  method  of  prevention  of  vibration 
*  *  applicable  to  the  future  seems  to  be  in  the  construction  of  one- 
story  mills,  with  the  shafting  resting  upon  piers  in  the  basement." 
But  at  the  same  time  he  limits  its  application,  for  he  says,  *'  how- 
ever great  may  be  the  advantages  from  low  construction,  it  is 
feasible  only  on  cheap  and  level  land,  and  therefore  can  rarely  be 
applied  to  the  extension  of  mills  built  near  streams  or  cities."  In 
other  words,  the  only  conclusion  to  be  arrived  at  from  the  statement 
made  by  Mr.  Woodbury,  and  considering  the  fact  that  the  power 
required  to  operate  machines  in  a  mill  which  vibrates  is  *  *  20  per 
cent. ' '  greater  than  is  required  to  operate  them  in  one  that  is  steady, 
is  that  some  other  style  of  construction  that  the  so-called  *  *  Standard 
Mill  Construction ' '  be  found  for  mills  of  greater  than  one  story  in 
height,  which  will,  to  the  greatest  possible  extent,  do  away  with 
vibration,  and  prevent  the  continual  straining  of  the  machinery  and 
mill,  and  the  additional  cost  of  operating  such  a  plant.  The  con- 
struction which,  to  the  writer's  mind,  will  come  the  nearest  to  the 
ideal  mill,  and  which  will  warrant  the  increase  of  first  cost  over  and 
above  the  so-called  ** Standard  Mill  Construction"  (brick  walls  with 
wooden  beams  and  posts,)  is  what  we  call  ** Composite  Construc- 
tion." A  steel  frame  is  constructed,  consisting  of  steel  side  posts 
as  well  as  interior  posts,  to  which  transverse  steel  beams  are 
securely  riveted,  with  steel  struts  running  longitudinally  in  the  hori- 
zontal plane  from  post  to  post  in  the  interior.  The  side  posts  are 
filled  in  between  with  a  light  brick  wall  (which  carries  no  weight) 
and  the  beams  are  covered  with  solid  plank  flooring.  With  this 
construction  the  rigidity  of  the  building  is  without  question,  and  the 
vibrations  experienced  in  brick  buildings  with  wooden  floor  systems, 
due  to  the  shrinkage  of  the  wood,  is  almost  entirely  avoided.  In 
addition  to  this,  a  larger  window  area  may  be  secured  without 
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weakening  the  structure,  and  greater  floor  space  is  obtained  by  the 
use  of  the  thinner  side  walls. 

The  Berlin  Iron  Bridge  Co.  have  constructed  a  number  of  build- 
ings for  manufacturing  purposes,  using  the  **  Composite  Construc- 
tion.'' In  each  instance  the  decision  of  the  owners  to  construct 
their  building  using  the  * '  Composite  Construction ' '  was  arrived  at 
after  a  careful  examination  of  both  the  Manufacturers  Mutual 
** Standard  Mill  Construction''  and  the  ** Composite  Construction" 
offered  by  the  Berlin  Iron  Bridge  Co.;  their  experience  since  the 
buildings  have  been  in  use  have  shown  that  they  made  no  mistake 
in  their  decision. 

In  conclusion,  I  would  like  to  ask  Mr.  Goss  where  he  obtained  his 
authority  when  he  states  that  ^^  sound  spruce  is  nearly  as  strong  as 
Georgia  pine  or  oak."  All  the  authorities  that  the  writer  is  con- 
versant with  consider  that  Georgia  pine  and  oak  are  at  least  60  per 
cent,  stronger  than  spruce. 

DISCUSSION   BY   MR.    GOSS. 

Mr.  Field  labors  under  a  misapprehension  in  understanding  me 
as  seeking  to  compare  the  relative  merits  of  steel  and  timber  gird- 
ers. In  the  foregoing  discussion  no  such  comparison  was  attempted, 
as  it  would  involve  a  considerable  mathematical  analysis,  for  which 
I  had  not  the  time  at  my  disposal. 

I  shall  endeavor  to  treat  further  upon  that  line  in  a  subsequent 
paper.  The  foregoing  remark  applies  as  well  to  the  matter  of  side 
walls  and  connections  for  the  girders  to  them  and  the  columns. 

I  am  at  somewhat  of  a  loss  to  understand  definitely  what  is  meant 
by  *'  Vibrations  due  to  shrinkage  of  timbers."  The  vibration  of  a 
factory  building,  considered  as  a  unit,  is  caused  by  the  reversal  of 
motion  in  reciprocating  parts  of  machines  ;  and  the  lack  of  proper 
counterbalancing  in  rotating  parts,  and  the  floor  system  and  walls, 
when  not  heavy  enough  to  completely  absorb  these,  either  by  virtue 
of  mass  or  counterbracing,  will  transmit  these  vibrations  in  a  regular 
consonance,  which  may  be  called  the  **  pitch  key  "  of  the  structure. 
This  applies,  of  course,  to  every  type  of  building,  and  is  no  more 
marked  in  one  type  than  another,  provided  the  buildings  compared 
are  designed  with  the  same  factors,  rigidity  and  the  occupancy 
is  the  same. 


74  CONNECTICUT  CIVIL,  ENGINEERS 

I  take  it  that  Mr.  Field  refers  to  the  loosening  of  ties  and  plank- 
ing which  occurs  during  the  seasoning  process.  If  so,  the  com- 
posite construction  which  he  describes  is  equally  amenable  to  the 
law,  since  the  mainstay  of  any  building  is  the  floor,  and  the  floor 
planks  will  become  quite  as  loose  over  steel  as  over  timber,  no  mat- 
ter how  they  may  be  secured. 

The  consonant  vibration  of  a  building  can  be  amended  when  it 
exists  only  by  the  employment  of  diagonal  bracing,  which  is  pro- 
vided in  the  floor  system  I  offer  by  the  diagonal  intermediate 
flooring. 

The  shrinkage  of  girders  cannot  affect  the  tendency  of  a  building 
to  resist  vibration,  either  lateral  or  longitudinal,  because  timber 
never  shrinks  lengthwise  of  the  grain,  and  the  connections  to  wall 
or  post  are  therefore  always  the  same  distance  apart  and  always 
secure,  if  they  are  properly  designed  and  the  timbers  carefully 
framed. 

The  expansion  of  timber  under  the  variations  of  temperature 
commonly  experienced  is  -practically  nil ;  but  what  of  the  steel  f  I 
have  seen  every  window  arch  in  the  south  side  of  a  composite  build- 
ing near  Philadelphia  cracked  at  the  spring,  caused  solely  by  the 
difference  in  the  coefficients  of  expansion  of  steel  and  masonry. 
That  instance,  however,  is  not  a  good  criterion  for  the  composite 
construction  applied  by  the  Berlin  Iron  Bridge  Co.,  which  I  am 
prepared  to  say  is  the  most  thorough  I  have  ever  examined,  with 
the  possible  exception  of  the  methods  employed  to  secure  the  plank- 
ing to  the  girders. 

In  comparing  the  strength  of  spruce,  Georgia  pine  and  oak,  I 
should  have  taken  care  to  state  that  it  was  the  modulus  of  elasticity 
which  I  wished  to  compare,  and  not  the  modulus  of  rupture,  which 
is  about  as  stated  by  Mr.  Field.  My  authority  is  the  record  of 
tests  on  full  sized  commercial  stock  tested  at  the  Massachusetts 
Institute  of  Technology  and  collated  by  Prof.  Langa. 

The  modulus  of  rupture,  the  average  of  a  very  great  number  of 
tests : 

For  spruce  is 4,900 

For  oakis 6,100 

For  Georgia  pine  is 7,300 
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But  the  modulus  of  elasticity,  also  the  averajj^e  of  a  large  number 
of  tests,  shows  the  following  result : 

Spruce ! 1,330,000 

Oak 1,300,000 

Yellow  pine 1,740,000 

Bearing  in  mind  that  spruce  planks  are  always  sounder  and 
straighter  grained  than  spruce  timber,  the  modulus  would  be  nearer 
1,500,000  for  the  spruce  plank,  which  indicates  a  degree  of  stiffness 
closely  approximating  that  of  Georgia  pine  and  exceeding  that  of  oak. 
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Civil  and  Hydraulic  Engineer,  Waterbury,  Conn. 

Joel  M.  Wheeler,  .---..  June,  1887. 

Civil  Engineer,  Ansonia,  Conn. 

J.  K.  Wilkes.         .--....  April,  1884. 

Chief  Engineer  New  Rochelle  Sewer  Commission,  New  Rocbelle,  N.  Y. 


The  Lawrence  Cement  Co. 

— g  MANUFACTURERS  OF  3 — 

'HOFFMAN'  ROSENDALE  CEMENT 

Daily  capacity,        •         •        6,000  Barrels. 


BUII<DERS 

Should  call  for  it. 

BEING  THE  BEST 

It  is  the  Cheai>est. 

SUPERIOR 

For  Heavy  Mas*onry. 


Qf_TMe 


ARCHITECTS 

Should  specify  it. 

UNIFORM  IN  QUALITY, 

It  is  Always  Reliable. 

STRONGEST 

of  American  Cement. 


In  competitive  tests,  ••HOFFIIIABJ"  in  alway»  aHead. 

FOR    PRICES   AND  OTIIKR   INFORMATION    APPLY   TO 


\       No.   1    BROADWAY,       (  ernes r  r.  ackerman. 


M.  Albkrt  Scull. 

Marion  S.  Ackkrman.  )►  S 

Gen'l  Sales  Agts.    j  NEW  YORK  CITY.  ( 


President. 


UymH  pODHDRY  el  /T\ACHIHE  QO.. 

WOBKS  at  PHILLIPSBURG,  N.  J. 

Sales  Office,  No.  160  Broadway,  New  York. 


CAST-IRON  WATER  AND  GAS. 


-e(^^  iC^ipC  ®^rsr~- 


<^^FROM  3  TO  48  INCHES  DIAMETER. 

ALSO 

ALL  SIZES  OF  FLANGED  PIPE 

AKD  SPECIAL  CASTINGS. 


THE  LUDLOW  VALVE  M'PG  CO., 


MANUFACTUBBBS  OF 


YalTenDilFinHyM. 


Thie  Hydrant  is  anti-freeziog,  because 

when  the  drainage  is  good  no 

water  is  left  in  it  to  freeze. 

The  drip  is  directly  in  the  bottom  of 

the  hydrant  and  drains  perfectly. 

It  is  protected  by  its  valve, 

which   never    leaves   its 

socket  and  therefore 

cannot  be  clogged. 


Double  and 

...     Single  Gate     "^^ 


VALVES./ 

ALSO 

CHECK  VALVES, 
FOOT  VALVES, 


F1I[E  HYDR/HTS 

YARD, 
\       WASH 
)  AND 

I  FLUSH 

■^     HYDRANTS. 


ssxrr)  Foxt,  oiROT7rj.A.RS. 


Office  and  Works- 


938to954RiverSt.i67to83VailAYe. 


TROT^  Iff.  Y, 


EDWARD  McMANUS, 

General  Contractor. 

♦ 

GRADING,  PAVING,  PIPE  LAYING, 

EUTI  tMl  MSONRY  DIMS, 

^^  S  El -W"  El  R,  S  4^ 


Personal  Attention  Given  and  First-Glass  Work 
Guaranteed. 


ESTIMATES   FURNISHED. 


WATERBURY,  CONN, 

57   Union  Street. 


GEORGE  M.  EDDY  5  CO., 


MANUFACTURKRS    OF 


MEASURING    TAPES 

Of  Cotton,  Linen  and  Steel,  for  all  pur|)oses. 
Sole  manufacturers  of 
PAINE'S  U,   S.  STANDARD  STEEL   TAPES. 
Also  Standard  Band  Measures,  J -inch  wide,  graduated  each  10  feet 
of  any  length  desired ;  will  not  kink  or  break.     Steel  tapes  have 
become    an    indispensable    article  for   every   Surveyor,    Engineer, 
&c.,    wherever  a  standard  measure  of  considerable  length  is   rt»- 
quired      We  desire  to  call  attention  to  our  New  Improved 
Flush  Handle  and  Method  of  \Vindin(j  for  Steel  Tapes, 

WHU^H  IS  UNIVERSALLY  APPROVED.      Send  J  or  Cufalof/ue. 

345-353  Classen  Ave,,       -       ■       BROOKLYN,  N.  Y. 


MUNICIPAL  ENGINEERING. 

Cioil  Enffineering;  Bridge  Bnginrering;  KaUroiid  Engintertng;  purveying  and 
JUapptng:  Hydraulic  Engituering;  Mrchanv:*;  Mechanical  Drawing;  Electric- 
ity;  Architecture;  Archttevtural  Draiemg  and  I>esigning;  Steam  Engineertng 
(Stationary^  Locomotive  or  Marine):  Plumbing  and  Heating;  Coal  and  Metal 
Mining;  Prospecting  and  the  English  Branchrg 

Civil  EoKineera  can  make  wiao  iihc  of  idle  time  iu  revinwinK  their 
studies  and  in  mastering  other  hiancheM.  ScholarshlpH  are  not  forfUted 
npon  failure  to  pay  InstallmeutH  promptly.  8tudeiit«t  make  rapid  prog- 
re»8  in  learaiog  to  Draw  and  Letter.  All  repreHontiitlons  may  be  relied 
npon. 

Send  for  Free  Circular  and  Book  of  Testimonials,  stating  the  subject 
you  wi8h  to  study,  to 


k    6  fil 
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'^'^ACTlCP^^ 


THE  INTERNATIONAL  CORRESPONDENCE  SCHOOLS.  BOX  816,  SCRANTON,  PA. 


JOHN  C.  BYXBEE,  Pbbsidcnt. 


FREDERICK  DkPEYSTER,  Sbc'y  and  Trbas. 


TheByxbee-DePeysterTi[apHockCo, 

CRUSHED  TRAP  ROCK 

For  Macadam,  Ballast,  Concrete.  Ac.    All  Sizes  Constantly  on  Hand. 

Fine  Top  Dressing  for  Wallcs,  Drives,  Ac,  a  Specialty. 

Esnoiates  foroislied  for  oar  prodnct  delivered  in  carload  lots  to  any  R.  R.  Station  in  Conneciicut. 


Post  Office  address,  Meriden,  Conn. 


Shipung  Station,  Middlefield,  Conn. 


C.  \V.  Blakeslee.  D.  a.  Blakeblee.  D.  W.  Blakbslee. 

C.  W.  BLAKESLEE  &  SONS, 

GENERAL  CONTRACTORS, 

Experts  in  Street  Paying  and  Macadam  Road  Making. 

steam  and  Electric  Railroads,  Dams,  Sewers,  and  Heavy  Masonn 

Built.     Building  Stone,  Crushed  Stone,  and 

Belgium  Blocks  Furnished. 

58    WAVERLY    STREET,    NEW    HAVEN.    CONN. 

J@HN  A.  D00LITTLE  3c  G@.. 
Railway  and   General   Contractors 

-♦►  -    - 

BLOCK,  BRICK,  BROKEN  STONK  AND  A»PHAI^T  PAVE- 
MENTS LAID.    SEWERS  AND  EXCAVATIONS. 
HEAVY  TEAMING. 

—    -         '♦' 
Office,  Boom  i,  Law  Chambers,  179  CHURCH  STREET, 

STABLES.  BKADLEY  STREET. 

NEW    HAVEN,    CONN. 

Telephone  CaU.  632.  ' 

SESSIONS    FOUNDRY    CO., 

Sewer  Castings  i  Crey  Iron  Casting 

Of  all  Descriptions,  of  Best  Quality  and  at  Lowest  Prices. 


SstBblished  1661.  tncorporated  I860. 

m  WATEBBM-FABBIL  FOniRT  I  lACIil  CO., 

— BUILDEB8  OF— 

WCHINEitT  FOR  R0LUN6  HETAL  AND  FOR  DRAWING  TUBIN6  AND  WIRE 

Builders  of  Automatic  Machinery  for  Making  Articles  from  Sheet 
Brai^,  Steel,  Silver,  &c.     **  Catch  ''  Basin,  Manhole  and  other 

Castings. 

BUFF  Sl  nmUGEiU^ 

Improved  Engineering  and  Surveying  Instruments, 

No.  9  Province  Court,  Boston,  Mass. 

Thcv  aim  to  secure  in  their  Instruments  x—Accitrticy  of  diri»ion;  Simplicity  in  manipula- 
tion; Lightne»it  combined  trilh  strength:  Archrttmatic  Uh^cope,  with  high  power:  Steaaineta 
of  adfUHtmentn  under  rarging  tempemture»:  StiffneMm  to  atotd  any  tremor,  eren  in  a  ittrong 
vHnd.und  thorough  tPorkman»hip  in  erery  part. 

Tjieir  instruments  are  in  general  use  by  the  U.  8.  Gorernmeut  Engineers,  Qeologists,  and 
Sorrejors,  and  the  range  of  instrameuts,  as  made  by  them  for  Rirer,  Harbor,  City,  Bridge, 
Tunnel,  Railroad  and  Mining  Engineering,  as  well  as  those  made  for  Triangulation  or  Topo- 
graphical Work  and  Land  Sunreylng,  etc.,  is  Urgor  than  that  of  any  other  firm  in  the  country. 

illnstnited  JVUnual  and  Catalogue  sent  on  Application. 

Constroction  hft^  Contractor, 


NORWICH,    IHVPP^-  CONN. 

Correspondence  and  Specifications  respectfully  solicited.     Complete 

Road  Building  Plant,  including  Steam  Roller 

and  Portable  Crusher. 

E.  Gr.  SOI^TMIAlSrisr, 

(EstBbUshed  1880.) 

Gim  16INEEHS'  Al  SUSTEYORS'  SUPPLIES. 

119  Fulton  St.»  New  York. 


PiTtSBURCH,  PA.i 

The  United  States  Fire  Clay  CJo. 
The  Ohio  Sewer  Pipe  Co. 

YARD:  TKLEPHONE8: 

Jersey  Ave.,  Tenth  and  Cole  Sts.,  New  Tork  Office.  71S  OortUndt, 

Jersey  City.  N.  J.  Jersey  (Ity  Yard,  *07  A  Jersey  City. 


GHAS.  H.  GOIMAN  &  GO, 

No.  145  Broadway, 

NEW^   YORK. 


OHIO  FIRE  CLAY  PRODUCTS. 

vitrified  Malt  Olazed  Hewer  Pipe, 
Vitrified  Fire  Cl»y  lVt»ll  Copingr, 
Fire  Cl»y  Fine  Lining:* 

Fire  Clay,  Fire  Brick,  Chimney  Tops. 


ARTIFICIAL  STONE. 

For  (iidewttlkn*  Aretts,  Yards,  Cellars,  Etc., 
Concrete  Fireproof  Floors, 
Concrete  Work  of  E^ery  Description. 

ESTIMATES  MADE.  CONTRACTORS  SUPPLIED. 


^|yiLUMI_G.  SMITH, 


WATERBURY,  CONN 


Twenty-three  years'  experience  in  the 
construction  of 

RAILROADS, 

BRIDGES, 

WATER  WORKS, 
SEWERAGE, 

And  other  work  requlrliig:  engrlneerlnir 
knowleditre  tind  HklU. 


Chattanooga  Foundfy  I  Pipe  Wofks 


David  Giles,  President.  C.  B.  Lsbester,  Vice-President. 

M.  Llewellyn,  Sec'v  and  Treas. 


-MANUFACTUHERS   OF- 


CAST  IRON  GAS  AND  WATER 
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Castings  and  Patterns  of  every 
description  made  to  order. 


Works  at  Chattanooga,  Tenn.,  wiili  a  Capacity  of  85 

Tons  per  day. 

Works  at  Bridgeport,  Alabama,  witii  a  Capacity  of 
115  Tons  per  day. 


AND  IN  EVERY  WAY  SUPERIOR  TO  SCOTCH,  CEMENT,  OR  GLAZED  PIPE 


tUSffiSMMi 

OHIO  VITRIFIEO  SEWER 

im  EAII  37  THE  MlOT-rs  lUTf  ZS7lillt  AarsT, 

H.  A.  WARUER,  Few  Haven,  Conn. 
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BE  SURE  AND  GET  MY  PRICES  WHEN  READY  TO  PUCE  ORDERS. 

Large  Discounts  to  Dealers  Officials  &  Contractors. 


CONTRIICTS  EBsineffliBs 

WHERE  TO  FIND  THEM. 
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Engineering  News. 

Single  Copies,  15  Cents. 

All  Newsdealers. 


There  is  absolutely  no  other 
method  known  on  earth  so 
quick  in  action,  so  fruitful  in 
results,  so  satisfactory  to  every- 
body iii  such  a  cu8e,  as  au  advertise- 
meDt  in  Engineering  News. 


and 


Officials 


of  city, 
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ship, drainage  district,  or  any 
other  municipal  organization  will 
find  it  the  CHEAPEST  and  most 
PROFITABLE  medium  for  advertis- 
ing their  public  works  j  city  engi- 
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who  has  any  interest  in  DllbltC 
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construction  will  find  it  a  good 
investment  to  be  on  its  subscrip- 
tion list. 

Standard  Engineering 

Publications 

For  Sale. 


— ADDRES8- 


Including  a  synopsis  of  the  law  i 
contracts   and    examples    oi 
various   kinds  of   Engi- 
neering Specifications. 

By  J.  B.  JOHNSON, 

M.  Inst.  C.  E.,  Am.  Soc.  C. 
M.  Am.  Soc.  M.  E.,  Professor" 
of   Civil   Engineering, 
Washington  Uni- 
versitv. 


420  Pages.  Complete  Inde 
PRICE  $4.00,  POSTPAID. 

Fablished  and  Sold  by 


iHEmniEEiiiHKEfspiiB.co.,  » Eiioiwiiii  News  m.  &. 

Tribane  Building.  NEW  YORK,  i    Tribune  Bnlldlng.  New  ¥ork«. 
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PROCEEDINGS 

OF  THE 

THIRTEENTH    ANNUAL    MEETING 

OP  THB 

Connecticut  CivilEngineersandSurveyors/ssociation, 

HBLD   AT 

HARTFORD.  CONN..  JANUARY  12.  1897. 


The  thirteenth  annual  meeting  of  the  Association  was  held  in  the 
Council  Chamber,  in  the  City  Hall,  at  Hartford,  Conn.,  January  12, 
1897. 

The  meeting  was  called  to  order  at  11  a.  m.  by  President  William 
G.  Smith.     The  following  members  were  present : 

EMwin  P.  Augur,  Middletown;  Henrj-  W,  Ayers,  Hartford; 
Charles  E.  Beach,  West  Hartford;  Geo.  H.  Bishop,  Middletown; 
D.  E.  Bradley,  East  Berlin;  Charles  H.  Bunce,  Hartford;  Luther 
W.  Burt,  Hartford;  Chas.  E.  Chandler,  Norwich;  Huber  D.  Card, 
Willimantic;  Geo.  K.  Crandall,  New  London;  L.  E.  Daboll,  New 
London ;  Henry  L.  Davis,  Wallingford  ;  Courtland  R.  Darrow, 
Waterbury;  Edwin  D.  Graves,  Hartford;  B.  H.  Hull,  Bridgeport; 
Wm.  E.  Johnson,  West  Hartford;  Hiram  G.  Loomis,  Hartford; 
Theodore  H.  McKenzie,  Southingtou;  John  T.  McKnight,  Kock- 
ville;  Wm.  H.  Olmstead,  East  Hartford;  Wm.  B.  Palmer,  Bridge- 
port; Shepard  B.  Palmer,  Norwich;  Ermon  M.  Peck,  Bloomfield ; 
C.  V.  Pendleton,  Yantic;  Wm.  E.  Pettee,  Lakeville;  Stephen  C. 
Pierson,  Meriden ;  Geo.  H.  Sage,  East  Berlin;  Wm.  G.  Smith, 
Waterbury;  J.  K.  Wilkes,  NewRochelle,N.  Y.;  Halsey  A.  Weaver; 
Middletowxi ;  F.  L.  Ford,  Hartford,  and  Roswell  Atkins,  Bristol. 

The  reading  of  the  minutes  of  the  last  meeting  was  dispensed  with. 
•    The  secretary  then  read  his  report  as  follows  : 


CONNECTICUT  CIVIL  ENGINEERS 


SECRETARY'S  REPORT. 


New  London,  Conn.,  January  12th,  1897. 

To  the  Officers  and  Members  of  the  Connecticut  CivU  Engmeers  and  Sur- 
veyors Association  : 

Gentleman  : — The  past  year  has  been  an  unusually  quiet  one  in 
this  Association,  there  having  been  but  one  meeting. 

The  proceedings  oE  the  last  annual  meeting  and  the  autumn  meet- 
ing  held  in  Middletown  have  been  printed  and  distributed  among  the 
members.  About  eight  hundred  copies  have  been  sent  to  advertisers 
and  associations  with  whom  we  exchange. 

Reports  have  been  received  from  four  associations  and  will  be  dis- 
tributed among  the  members  at  the  annual  meeting. 

We  have  lost  during  the  past  year  one  member  by  death,  and  two 
have  been  dropped  from  the  rolls,  one  of  whom  requested  to  be 
dropped  and  the  other  has  gone  to  parts  unknown. 

Our  membership  now  comprises  7  honorary,  2  contributing,  and 
75  active  members,  making  a  total  of  84. 

There  are  at  the  present  time  32  members  in  arrears  for  dues, 
owing  the  Association  $328. 

Two  hundred  and  fifty  copies  of  the  constitution  and  by-laws 
were  printed  in  accordance  with  a  vote  passed  at  the  last  annual 
meeting. 

At  the  last  annual  meeting  an  amendment  to  the  Constitution  was 
proposed  making  the  number  of  members  necessary  for  a  quorum 
for  the  election  of  officers  eleven  instead  of  twenty  as  at  present. 
As  required  by  the  by-laws  it  was  laid  over  until  the  next  regular 
meeting,  and  notice  has  been  sent  to  each  member  that  action  will 
be  taken  at  the  annual  meeting  to  be  held  January  12th,  1897. 

The  secretary  hereby  acknowledges  the  valuable  assistance  ren- 
dered by  the  president  and  executive  committee  during  the  past 
year.  Respectfully  submitted, 

GEO.  K.  CRANDALL,  Secretary. 


AND   SURVEYORS  ASSOCIATION. 


It  was  voted  that  the  report  of  the  secretary  be  accepted  and 
ordered  printed  in  the  annual  report  of  the  Association. 
The  treasurer  then  read  his  report  as  follows  : 


TREASURER'S    REPORT. 

For  Tear  Ending  January  12.  1897. 


Geo.  K.  Grand  all,  Treasurer,  in  account  with  the  Connecticut 
Civil  Engineers  and  Surveyors  Association. 


RECEIPTS. 

Cash  on  hand  Jannary  14th,  1896 $207.94 

Received  for  adTertisements. 158.00 

••      dues 170.00 

$635.94 

DISBURSEMENl-S. 

Janitor  at  Hartford $    2.00 

Stenographer  at  Hartford 13.00 

Printing 185.43 

Postage  and  envelopeB 19.01 

Stationery.. 1.00 

Freight  and  cartage 6.50 

Geo.  K.  Crandall,  salary  as  secretary 25.00 

Cash  on  hand  Jannary  12th,  1897 284.00 

$535.94 

Respectfully  submitted, 

GEO.  K.  CRANDALL,  Treasurer. 


Hartford,  January  12,  1897. 
This  is  to  certify  that  we  have  examined  the  accounts  of  Geo.  K. 
Crandall,  treasurer,  comparing  the  bills  with  vouchers  for  same  and 
find  them  correct,  we  have  also  examined  the  bank  book  and  find  the 
credit  as  shown  by  report  to  agree  with  the  balance  in  bank. 

Respectfully  submitted, 

Wm.  G.  Smith,    )     ^ 

C.  H.  BUNCE,         I    /-^^ 
W.  B.  Palmer,    (    Commtttee. 


H  CONNECTICUT   CIVIL   ENGINEERS 

It  was  voted  that  the  report  of  the  treasurer  be  accepted  and 
approved  and  ordered  pnnted  in  the  annual  report. 

After  considerable  discussion  by  the  members  in  relation  to  unpaid 
dues,  it  was 

Voted,  That  the  matter  of  unpaid  dues  be  referred  to  the  Executive  .Com- 
mittee, with  instructions  to  correspond  with  each  delinquent  member  of  the 
Association,  to  the  effect  that  if  the  back  dues  are  not  paid  within  thirty  (30) 
days  from  the  date  of  the  notice,  their  names  will  be  dropped  from  the  roll  of 
membership,  but  the  said  Committee  is  hereby  given  power  to  rebate  any  dues 
which  they  may  see  fit. 

On  motion  of  Mr.  Davis,  it  was  voted  that  in  the  future  the  by- 
law in  regard  to  the  collection  of  dues  be  rigidly  enforced. 

T.  H.  McKenzie  then  extended  an  invitation  to  the  Association  to 
meet  with  him  at  Bristol,  to  view  the  Sewage  Disposal  Works  there. 
On  the  motion  of  Mr.  Buuce  it  was  voted  that  the  invitation  be 
referred  to  the  executive  committee  for  consideration. 

Applications  for  membership  were  received  from  Halsey  A. 
Weaver  of  Middletown  and  Frederick  L.  Ford  of  Hartford,  and  re- 
ferred to  the  committee  on  membership. 

After  a  favorable  report  from  the  committee  on  membership,  the 
following  pei'sonswere  duly  elected  as  active  members  of  this  Asso- 
ciation: Roswell  Atkins,  Halsey  A.  Weaver  and  Frederick  L. 
Ford. 

After  some  discussion  the  amendment  to  Article  IV.,  Section  3 
of'  the  Constitution  as  brought  up  at  the  last  annual  meeting  wa<i 
passed  as  follows  : 

"At  any  regular  or  special  meeting,  ten  members  shall  constitute  a  qaoram 
for  the  traosactioQ  of  business,  except  the  election  of  officers  and  amending  of 
Constitution  and  By-Laws,  when  the  number  shall  be  eleven  (11)." 

The  Association  then  proceeded  to  the  election  of  officers  for  the 
ensuing  year,  John  T.  McKnight  and  Huber  D.*  Card  acting  as 
tellers. 

The  following  officers  were  elected  : 

R.  A.  Cairns,  Waterbury,  -         -         -  -        -        .        Prtsidtni 

L.  W.  BuBT.  Hartford, FvrslVioe  Presldeni 

Edwin  D.  Graves,  Hartford ,  -  -  -  -  Secorkd  Vice  Prtsidenl 
Geo.  K.  Crandall,  New  London,  -  -  Secretary  and  TVeasurtr 
L.  E.  Dajboll,  New  London, AasistarU  SecrHary 
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EXECUTIVE  COMMITTEE. 

B.  A.  CiiBNs, Waterbury 

Wm.  G.  SifiTH, Waterbury 

C.  H.  BuMOE, Hartford 

Wm.  B.  Palmbb, Bridgeport 

L.  W.  BuBT. Hartford 

MEMBERSHIP  COMMITTEE. 

Chas.  E.  Chandlbb, Norwich 

Wm.  H.  Olmstsad, East  Hartford 

Wm.  H.  CADWBiiL, New  Britain 


Mr.  Ford.  It  seems  to  me  we  ought  to  take  some  action  recog- 
nizing.and  endorsing  the  new  State  highways.  In  all  there  has  been 
about  eighty  miles  built.  As  this  work  is  under  the  direction  of 
the  engineers,  it  seems  to  me  we  should  endorse  the  work.  I  move 
that  a  committee  be  appointed  to  draw  up  resolutions  to  that  effect. 

Mr.  Bunce.  I  would  like  to  understand  a  little  more  fully  the 
extent  to  which  the  endorsement  of  this  society  is  asked. 

Mr.  Ford.  I  meant  we  should  endorse  the  working  of  the  high- 
way law  and  the  work  of  the  commission  as  carried  out  thus  far  by 
showing  our  endorsement  of  the  roads.  The  wheelmen  are  organ- 
izing and  will  soon  bring  forward  a  bill  to  provide  a  tax  on  wheels 
to  be  used  in  constructing  good  highways.  I  think  we  ought,  to 
take  some  action  showing  our  sympathy. 

Mr.  Bunce.  I  am  fully  in  sympathy  with  the  good  results  of  the 
operation  of  this  highway  law.  I  think  nothing  shows  so  much  the 
benefit  of  the  law  as  the  notes  in  the  report  of  the  Highway  Com- 
missioners showing  how  much  the  towns  have  been  induced  to 
spend  beyond  the  appropriation  received  from  the  State.  I  believe 
we  are  going  to  see  very  many  good  roads  built  throughout  the 
State.  I  am  fully  ready  to  endorse  the  benefits  of  the  law.  If  a 
a  resolution  is  drawn  here  it  should  be  carefully  worded  to  indorse 
the  law  and  ask  for  its  continuance.  Otherwise  I  am  fully  in 
accord  with  this  measure. 

Mr.  Burt.  I  would  like  to  make  this  suggestion.  Anything  that 
concerns  the  pecuniary  advantage  of  any  member  of  this  society 
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ought  to  be  very  carefully  considered  before  passing  a  resolution. 
I  quite  agree  with  the  last  speaker.  I  understand  from  Mr.  Ford 
that  the  report  of  the  Highway  Commission  is  out,  and  it  can  be 
obtained  this  afternoon.  Before  adopting  any  decisive  action  in  the 
matter,  I  would  like  to  see  that  report.  I  think  this  organization 
as  representing  the  engineers  of  the  State  ought  to  consider  very 
carefully  any  action  that  would  prejudice  engineers  before  the  State 
Commission  and  the  General  Assembly.  I  should  like  to  have  the 
matter  referred  or  left  to  the  discretion  of  a  committee  to  be 
appointed  by  the  chair. 

Mr.  Card.  I  do  not  understand  that  this  is  a  matter  of  politics. 
As  I  understand  the  member  who  brought  forward  this  matter  he 
wants  the  society  to  take  some  action  showing  that  it  is  favorable 
to  the  continuance  of  the  Good  Roads  law.  I  will  oflfer  a  resolution 
that  the  president  of  the  society  appoint  three  members  to  draw  up 
suitable  resolutions  to  be  presented  to  the  Legislature  in  favor  of 
the  continuance  of  the  Good  Roads  law  and  an  enlargement  of  the 
appropriation. 

The  President.     When  is  this  committee  to  report? 

Mr.  Card.  I  would  like  to  have  the  committee  report  this  after- 
noon. 

Mr.  Ford.  I  do  not  think  it  is  a  political  matter  at  all.  It  is 
simply  to  show  that  we  think  we  ought  to  have  a  highway  commis- 
sion and  not  put  it  in  the  hands  of  the  towns.  The  roads  should  be 
constructed  under  one  head.  Now  that  they  have  such  a  good  start 
it  ought  to  be  continued. 

Mr.  Graves.  I  hardly  believe  there  is  any  one  here  who  ques- 
tions the  wisdom  of  this  law  for  the  improvement  of  the  roads  and 
no  one  but  what  is  in  favor  of  continuing  the  committee.  But  I 
think  it  is  a  very  delicate  matter  and  ought  to  be  considered  very 
carefully,  if  it  is  possible  to  get  up  a  resolution  that  will  avoid  any 
objectionable  features. 

The  motion  of  Mr.  Card  was  passed. 

The  President.  I  will  appoint  on  that  committee  Messrs. 
Bunce,  Graves  and  Ford  to  report  sometime  this  afternoon. 

President  Smith  then  read  his  annual  address. 
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RETIRING  PRESIDENT'S  ADDRESS. 

In  greeting  the  members  of  the  Connecticut  Civil  Engineers  and 
Surveyors  Association,  on  this,  our  thirteenth  annual,  I  do  so  with 
the  full  assurance  that  our  Association  is  in  a  flourishing  condition, 
both  in  membership  and  financially.  This  is  especially  gratifying, 
in  view  of  the  general  business  depression  prevailing  throughout  the 
country.  Our  prof ession  is  such,  that  we  are  among  the  first  to  feel 
the  eflfects  of  **dull  times''  so  called.  I  have  never  had  this  so 
forcibly  brought  to  mind  as  by  the  replies  to  my  letter  of  inquiry, 
as  to  the  work  of  the  members  of  this  Association  the  past  year,  a 
large  number  reporting  *  *  that  nothing  worth  recording  or  of  public 
interest  had  been  done."  I  would  suggest  that  in  future  replies  to 
the  President's  letter,  care  be  taken  to  state  prices  of  work,  also 
how  the  work  was  done.  To  illustrate — if  so  many  square  yards 
of  pavement  were  laid,  state  the  kind,  dimensions,  whether  laid  in 
concrete  or  sand,  and  what  depth,  also  whether  joints  were  tilled 
with  sand  or  gravel,  and  paving  pitch,  and  finally  its  cost.  This  adds 
greatly  to  the  interest  of  the  subject  and  subsequent  discussion. 

For  lack  of  engineering  work  of  interest  in  this  State,  and  the  pre- 
vailing business  depression,  it  was  thought  best  to  pass  our  usual 
summer  meeting  the  past  season.  I  will  now  call  your  attention  to 
a  brief  summary  of  the  engineering  work  accomplished  in  this  State 
the  past  year,  as  reported  to  me  by  members  of  this  Association,  and 
from  other  sources. 

The  work  in  steam  railways  is  comprised  in  the  re-construction  of 
the  New  York,  New  Haven  and  Hartford  Railroad,  which  has  been 
kindly  furnished  by  Mr.  F.  S.  Curtis,  chief  engineer.  The  principal 
work  is  at  Stamford  and  comprises  the  elimination  of  eight  highway 
grade  crossings  and  constructing  four  tracks,  together  with  new 
station  and  yards,  all  of  which  is  expected  to  be  completed  by  June 
next.  This  is  practically  all  of  the  important  construction  work 
during  the  year  on  the  New  York  division  in  Connecticut,  and  cost 
this  year  about  $500,000. 

On  the  Berkshire  division,  the  company  has  changed  the  line  south 
of  Kent,  constructing  about  two  miles  in  length,  eliminating  four 
highway  grade  crossings  and  one  hundred  and  one  degrees  of  curva- 
ture, at  a  cost  of  about  $100,000. 
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On  the  Air  Line  division  the  company  has  continued  the  improve- 
ment of  its  line  and  grades  east  of  the  Connecticut  river,  making 
the  maximum  grade  sixty  feet  per  mile.  The  double  track  has  been 
completed  between  the  river  and  Cobalt,  5  j^^^^  miles,  a  change  of  line 
occurring  in  this  double  track  about  twenty-eight  hundred  feet  in 
length,  eliminating  two  highway  grade  crossings  and  forty- two  de- 
grees of  curvature ;  also  a  change  of  line  at  Westchester  three  thou- 
sand and  forty  feet  in  length,  eliminating  forty-eight  degrees  of 
curvature  J  also  another  change  of  line  now  underway  between 
Turnerville  and  Leonard's  bridge  of  thirty-three  hundred  feet  in 
length,  eliminating  sixty- one  degrees  of  curvature,  which  is  expected 
to  be  completed  in  two  months. 

The  electric  railways  in  this  State  have  made  short  extensions  of 
lines  and  improved  their  present  facilities  to  the  extent  of  about 
$1,500,000.  The  Waterbury  Traction  company  is  now  grading  an 
extension  to  Waterville,  and  expects  to  have  it  in  operation  by  next 
summer.  A  survey  has  been  made  from  East  Hartford  to  South 
Windsor,  five  and  one-half  miles.  The  Portland  Street  Railway 
company  have  constructed  about  two  and  seven-tenths  miles  of  track, 
including  crossing  the  new  highway  bridge,  over  the  Connecticut 
river  at  Middletown. 

It  is  reported  that  the  New  York,  New  Haven  and  Hartford  Rail- 
road company  are  to  build  a  large  power  station  at  Berlin,  and  to 
electrically  equip  their  line  between  Berlin  and  New  Britain,  also  the 
New  England  Railroad  between  New  Britain  and  Hartford,  using 
the  third  rail  method  for  distributing  power. 

According  to  the  returns  submitted  to  the  Railroad  Commissioners 
the  cost  of  electric  railways  in  this  State  amounts  to  the  sum  of 
$11,500,000,  and  when  it  is  remembered  that  this  sum  has  been  in- 
vested in  a  new  field  and  practically  within  i^ve  years,  it  is  a  mar- 
velous development.  One  road  reports  as  among  its  sources  of  in- 
come the  sale  of  a  pig  for  $8.00,  which  I  venture  to  say  was  its  most 
profitable  transaction  for  the  year. 

In  sewer  construction  the  work  of  most  magnitude  has  been 
accomplished  at  Hartford,  involving  an  expenditure  of  $215,000 
for  about  seven  and  one-half  miles  of  trunk  sewer.  In  New  Haven 
about  four  and  one-third  miles  have  been  constructed.  Rockville 
has  practically  completed  a  system  costing  about  $100,000.      Wall- 
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ingford  constructed  about  3,300  lineal  feet  12"  to  15"  pipe  sewers  at 
a  cost  of  about  $5,000  j  Norwich,  1 ,500  feet  at  a  cost  of  $2,000 ;  New 
London,  1,500  feet,  and  under  construction  a  sewer  to  cost  about 
$8,000.  Willimantic,  about  900  feet  of  storm  sewer;  Middletown, 
about  1,550  feet,  21i"x32i"  brick,  497  feet,  costing  $1,065,  also 
pipe  sewers,  10"  and  12",  costing  about  $1,810;  Meriden  has  laid 
19,570  feet  of  pipe  sewers  from  8"  to  15"  in  diameter. 

Surveys  have  been  made  the  past  year  for  disposing  of  the  sewage 
from  the  city  of  Waterbury.  A  tunnel  for  an  outfall  sewer  has 
been  completed  in  Waterbury  the  past  year,  the  details  of  which 
you  will  hear  in  the  paper  to  be  read.  Waterburj*  has  also  com- 
pleted about  2,100  feet  of  pipe  sewers  from  8"  to  15"  diameter. 

Under  the  head  of  water  works,  there  has  been  laid  ^ye  and  one- 
half  miles  of  30"  cast  iron  pipe  for  the  City  of  Hartford.  A  storage 
reservoir  has  been  constructed  at  Lakeville  of  12,000,000  gallons 
capacity  and  three  miles  of  pipe  laid.  Surveys  have  been  made  for 
addition  to  City  of  Middletown 's  water  supply,  to  cost  about  $215,- 
000.  The  City  of  Meriden  is  now  constructing  a  reservoir  to  con- 
tain 213,276,000  gallons. 

Of  bridges,  there  were  constructed  the  past  year  a  large  number, 
due  to  the  excessive  floods  of  last  spring.  ^The  town  of  Waterbury 
constructed  three  iron  highway  bridges,  one  of  175  feet  span,  24  foot 
roadway,  eight  foot  walks,  costing  with  masonry  about  $20,000. 
The  City  of  New  Haven  has  under  construction  a  bridge  with 
masonry  to  cost  about  $130,000.  The  town  of  Torrington  construc- 
ted a  through  plate  steel  girder  highway  bridge  of  73  feet  span, 
roadway  30  feet  clear,  two  8-foot  walks,  costing  complete  about 
$7,000.  The  temporary  highway  bridge  at  Hartford  cost  about 
$40,000;  removal  of  piers  to  old  bridge  at  a  cost  of  $5,000. 

Under  the  head  of  paving,  the  City  of  New  Haven  has  let  con- 
tracts for  about  three  miles  of  sheet  asphalt,  of  which  there  has  been 
completed  about  two-thirds  of  a  mile ;  the  city  has  also  laid  about 
one-half  mile  of  vitrified  brick  pavement.  The  City  of  Hartford  has 
laid  21,467  square  yards  of  sheet  asphalt  at  a  cost  of  $53,850;  they 
have  also  laid  7,476  square  yards  of  asphalt  blocks  at  a  cost  of 
$22,887.  The  City  of  Meriden  laid  3,990  square  yards  of  brick 
pavement  at  a  cost  of  $2.65  per  square  yard.  The  pavement  was 
laid  on  a  foundation  of  6  inches  of  broken  stone  covered  with  sand 
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and  rolled,  6  inches  of  concrete  and  1  inch  of  fine  sharp  sand.  The 
brick  used  were  from  the  Reed  &  Ettla  Brick  Works,  Clearfield, 
Pa.  '  The  City  of  Stamford  laid  6,846  square  yards  of  brick  paying 
at  a  cost  of  little  less  than  $15,000.  The  City  of  Waterbury  has 
laid  in  North  Main  street  2,583  square  yards  of  asphalt  block  pave- 
ment at  a  cost  of  $2.85  per  yard,  blocks  were  laid  in  about  2  inches  of 
sand  on  top  of  a  bed  of  concrete  4  inches  in  depth.  The  city  is  also 
laying  a  vitrified  brick  pavement  on  Bank  street,  1,517  square  yards, 
at  a  cost  of  $2.50  per  yard;  the  Mack  unpressed  brick  is  used  and 
laid  in  about  2  inches  of  sand  on  a  concrete  bed  6  inches  in  depth. 

On  macadam  roads,  nearly  all  the  members  who  reported  work,  have 
had  one  or  two  to  be  constructed  under  the  State  law.  I  will  not 
take  up  your  time  by  mentioning  in  detail  these  sections  of  improved 
highways,  as  they  may  all  be  found  in  the  report  of  the  Connecticut 
Highway  Commission,  of  which  they  have  kindly  sent  copies  for 
distribution  among  the  members.  In  general,  in  the  year  1896, 
forty-two  miles  of  improved  highways  were  constructed  at  a  cost  of 
$5,348.50  per  mile.  These  highways  were  constructed  in  small 
sections  of  about  one-half  mile  each  and  in  various  localities.  I 
venture  the  suggestion  that  a  considerable  saving  would  be  made  in 
cost  if  larger  contracts  cpuld  be  let  in  each  locality.  This  is  about 
to  be  tried  by  the  town  of  Plainfield. 

A  large  amount  of  miscellaneous  work  is  reported,  such  as  surveys 
and  plans  for  double  track  gravity  railroad  for  a  granite  company, 
costing  $8,000,  also  for  developing  real  property ;  surveys  for  fac- 
tory buildings  and  public  buildings,  also  running  out  township  line 
between  Middlefield  and  Middletown  and  setting  stone  monuments 
on  same.  Surveys  are  being  completed  for  establishing  street  lines 
and  grades  for  Jewett  City,  ultimately  to  be  used  as  a  basis  for 
designing  a  system  of  sewers.  One  member  reports  doing  work  in 
three  states.  Three  of  our  members  report  their  work  as  largely  of 
a  consulting  practice  on  water  works  and  sewerage,  also  on  improv- 
ing water  power,  etc.  On  the  whole,  I  congratulate  the  members 
of  this  Association  on  the  amount  of  work  which  they  have  been 
called  upon  to  do  the  past  year,  and  1  venture  the  prediction  that 
from  now  on  there  will  be  plenty  of  work  for  all. 

In  conclusion,  I  wish  to  thank  you  all  for  your  prompt  and  cour- 
teous replies  to  my  requests  for  information,  and  also  the  secretary 
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for  the  faithful  and  business  like  manner  he  has  conducted  the  work 
of  oar  Association. 

DISCUSSION. 

Mr.  Bunce.  In  this  city  in  each  case  the  paving  does  not  in- 
clude the  cost  of  grading.  We  used  the  stone  taken  oflf  the  roads 
for  other  building  purposes.  The  cost  of  sheet  asphalt  laid  upon  a 
6-inch  base  is  $2.49  per  square  yard,  with  a  guarantee  of  five  years. 
The  cost  of  block  asphalt  laid  also  upon  a  base  of  6  inches  of  con- 
crete and  2  inches  of  sand  is  $3.44  per  square  yard. 

Mr.  Chandler.  The  suggestion  has  been  made  that  old  macadam 
would  be  a  good  foundation  for  asphalt. 

Mr.  Bunce.  I  do  not  favor  it.  We  have  a  peculiar  soil.  It 
seems  as  if  it  was  almost  impossible  to  prevent  the  clay  soil  from 
working  up  through  macadam  to  a  greater  or  less  extent.  I  should 
feel  apprehensive  that  it  would  not  be  a  proper  foundation  because 
it  would  not  be  possible  to  make  it  as  hard  as  I  think  it  should  be. 
We  have  taken  out  the  old  macadam  and  replaced  it  with  a  new 
foundation.  I  do  not  know  whether  any  of  the  members  have  put 
down  any  granite  block  pavement  this  year,  but  I  would  like  to 
recite  a  little  experience  of  my  own.  We  have  only  one  piece  in 
the  city,  but  it  has  struck  me  very  favorably  in  its  results.  When  we 
put  that  pavement  down  I  was  personally  opposed  to  putting  down  a 
regulation  sized  block.  At  my  suggestion  the  blocks  were  made  not 
to  exceed  3Jx8xl2  inches.  The  experience  of  two  or  three  years  has 
been  an  endorsement.  I  think  it  is  a  sight  better.  It  is  easier  to 
drive  over,  and  not  so  slippery.  I  also  have  an  idea  that  it  is  less 
noisy.  I  think  if  we  ever  put  down  any  more  block  paving  that 
style  would  be  adopted.  If  other  members  have  had  any  experi- 
ence with  it  I  should  like  to  hear  from  them.  That  was  laid  upon 
6  inches  of  concrete  and  the  space  between  the  blocks  filled  with  tar. 
The  depth  of  a  block  was  from  6  to  7  inches. 

Mr.  Burt.  I  would  like  to  have  Mr.  Bunce  state  his  experience 
in  reference  to  block  asphalt  as  put  down  on  Pearl  street.  It  has 
been  used  for  six  or  eight  months  or  perhaps  longer. 

Mr.  Bunce.  It  is  a  little  delicate  for  anybody  to  refer  to  a  con- 
trast between  sheet  and  block  asphalt,  and  Pearl  street  has  been  a 
pretty  unfortunate  street.     We  made  an  endeavor  to  have  all  under- 
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ground  connections  made  before  the  paving.  It  has  been  eat  and 
torn  and  ripped  back  and  forth.  We  never  thought  we  should 
take  it  up  and  have  it  relaid.  There  was  some  roughness  in  the 
surface  of  that  pavement  in  the  winter,  but  in  the  spring  that 
roughness  all  disappeared,  being  ironed  out  under  the  travel  and  the 
warm  weather.  There  has  been  some  apprehension  as  to  whether 
that  pavement  was  going  to  wear  satisfactorily,  and  I  think  they  have 
jumped  to  the  conclusion  that  this  roughness  indicates  a  deteriora- 
tion of  the  block.  I  am  not  ready  to  sympathize  with  that  feeling. 
I  think  the  roughnesss  occurs  largely  from  the  impact  of  the  horses 
shoes.  The  block  is  made  up  of  asphalt  and  broken  trap  rock,  and 
my  opinion  is  that  the  little  roughness  comes  from  pieces  of  trap 
rock  being  picked  out  from  the  block  by  the  calks  on  the  horses* 
shoes.  I  am  not  ready  to  say  that  block  is  not  going  to  give  us 
good  service.  Some  two  years  ago  I  made  an  extended  trip  with  a 
committee  of  the  board  of  alderman  and  we  saw  many  pieces  of 
block  asphalt.  One  in  Baltimore  was  in  very  superior  condition. 
In  one  street  it  had  been  down  seventeen  years  and  the  repairs  had 
not  been  over  -$600  a  year.  If  we  conld  put  down  pavement  that 
would  wear  like  that  I  should  think  it  was  first-class  pavement  in 
every  respect.  One  question  is  the  facility  of  making  repairs. 
There  is  no  question  in  my  mind  that  the  block  asphalt  is  much  easier 
than  the  sheet,  for  comparatively  unskilled  labor  can  repair  block 
asphalt.  With  proper  care  and  attention,  the  blocks  can  be  replaced. 
With  sheet  asphalt,  the  whole  secret  lies  in  the  proper  mixing  of  the 
ingredients.  It  is  necessary  to  have  a  plant  and  have  skilled  men 
make  the  mixture.  I  do  not  think  there  is  any  reason  in  the  assump- 
tion that  the  sheet  asphalt  can  be  repaired  as  easily  as  the  block  as- 
phalt. We  have  made  one  cut  in  the  sheet  asphalt,  but  the  men  who 
put  it  down  were  here  and  of  course  made  a  very  successful  repair 
of  it. 

The  meeting  then  adjourned  for  dinner. 

AFTERNOON  SESSION. 

The  afternoon  session  was  called  to  order  at  2.40  p.  m.  Wm.  B. 
Palmer,  of  Bridgeport  then  read  a  paper,  entitled,  **The  Determina- 
tion of  the  True  Meridian  from  the  Sun  by  the  Engineers'  Transit, 
without  Solar  Attachments/' 
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Mr.  Cairns  not  being  present,  his  paper  entitled,  **  Round  Hill 
Street,  Tunnel  and  Sewer''  was  not  presented,  but  will  be  found 
printed  in  the  annual  report. 

Mr.  Bunco,  of  Hartford,  then  gave  a  description  of  the  Trunk 
Sewers  in  Hartford,  constructed  during  the  past  season. 

Mr.  T.  H.  McKenzie  then  presented  a  paper  entitled,  **  The  Val- 
uation and  Classification  of  Water  Works  Property  for  the  Purposes 
of  Taxation.'' 

Mr.  Pierson,  of  Meriden  then  read  a  paper  entitled,  the  **  Paving 
Question." 

The  committee  appointed  to  draft  suitable  resolutions,  presented 
the  following,  which  was  passed : 

Vcied,  That  the  committee  of  this  Assooiation  on  "  Roads  and  Hoadmaking," 
to  be  appointed,  be  instrnoted  to  appear  before  the  committee  of  the  Legis- 
lature haviog  the  subject  of  Improved  Highways  under  consideration,  and  advo- 
cate the  continued  appropriation  by  the  State,  of  moneys,  to  further  the  build- 
ing and  extension  of  such  highways  under  State  supervision. 

Mr.  Bunce.  Our  committee  on  the  Good  Koads  resolution  have 
proceeded  on  the  supposition  that  the  special  committees  usually 
appointed  by  the  president  will  be  continued. 

Mr.  Burt.  Without  having  the  clearest  ideas  with  reference  to 
this  matter,  I  would  state  on  general  principles  that  if  we  are  aH  of 
one  mind  as  to  the  great  advantage  that  the  State,  counties  and 
cities  have  derived  from  this  law,  and  also  that  through  the  com- 
mission that  has  been  working  these  results  have  been  obtained,  it 
is  worth  while  to  express  the  opinion  of  this  Association  that  that 
work  should  be  continued.  It  is  undoubtedly  a  fact  that  engineers, 
as  a  class,  are  largely  pecuniarly  interested  in  this  matter.  It 
would  be  a  very  wise  action  to  so  arrange  any  vote  that  might  be 
passed  by  this  body  as  to  avoid  the  slightest  suspicion  or  reflection 
on  the  Connecticut  Civil  Engineers  and  Surveyors  Association.  It 
should  state  that  it  is  a  great  public  interest  and  of  so  great  public 
good  that  it  certainly  should  be  considered  by  every  citizen  that  has 
the  interest  of  the  State  in  mind,  and  by  this  Association,  especially 
as  representatives  of  leading  ideas  as  to  good  roads.  I  shall  vote 
for  this  resolution. 

Mr.  Bunce.  It  has  been  intimated  that  there  will  be  an  endeavor 
made  to  take  this  matter  of  improved  highways  out  from  under  State 
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supervision  and  put  it  into  the  hands  of  the  selectmen  of  the  towns. 
Subject  as  the  selectmen  are  to  frequent  change,  we  do  not  beKeve 
that  that  is  the  best  way  in  which  to  go  on  with  this  system  which 
has  been  inaugurated.  I  believe  an  intelligent  head,  the  State  itself 
taking  the  initiative  and  the  superintendence,  is  vastly  to  the  benefit 
of  every  town  in  the  State,  and  for  that  reason  the  resolution  is 
worded  as  it  is. 

Mr.  Bunce.  I  move  that  the  special  committees  which  have  been 
appointed  by  the  president  every  year,  be  continued,  and  that  he 
notify  the  members  of  their  appointment  on  those  committees. 

The  meeting  then  adjourned. 


The  president  has  appointed  the  following  special  committees  for 
the  ensuing  year : 

FIELD  WORK. 
A.  J.  Patton,  a.  F.  Spsmcbb,  C.  V.  VKHULnov. 

SEWERAGE. 
Chas.  H.  Bumcb,  J.  K.  W11JLB8,  Geo.  K.  Gbaxdall. 

RAILROADS. 
W.  G.  Smith,  W.  H.  Cadwsll,  W.  H.  Olmstkad. 

ROADS  AND  ROAD   MAKING. 
C.  E.  (Jhamdleb,  E.  p.  AuauB,  L.  W.  Bust. 


MASONRY. 
J.  M.  McKbmzib,  D.  £.  Bbadlbt, 

LAW. 

Chas.  M.  Jabyis,  £.  O.  Goes, 


E.  H.  Phippb. 


B.    K.    FiBLD. 


L.  E.  Daboll. 


WATER  SUPPLY. 
Geo.  H.  Bishop,  Wm.  E.  Johmsok. 
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THE  DETERMINATION 

— 0»  THB — 

TRUE  MERIDIAN  FROM  THE  SUN 

—BY  THB  — 

Engineers'  Transit  Without  Solar  Attachments. 

BY  WM.    B.    PALBIER,    BRIDGEPORT. 


The  usual  method  of  determining  the  **Tpue  Meridian '^  or  the 
true  north  and  south  line  among  eastern  engineers  and  surveyors, 
is  by  an  observation  upon  the  north  star  at  its  eastern  or  western 
elongation. 

Among  the  western  brethren,  particularly  in  the  states  that  have 
been  laid  out  under  the  system  of  the  public  land  surveys,  in  which 
true  north  and  south  lines  are  required  to  be  run,  the  solar  compass 
or  solar  attachment  to  the  transit  is  generally  used  and  the  true 
meridian  determined  by  the  sun. 

The  method  by  the  north  star  is  exact  and  leaves  nothing  to  be 
desired  in  that  particular,  and  it  also  furnishes  a  convenient  means 
of  finding  the  latitude,  but  it  has  the  disadvantage  of  having  to  be 
done  in  the  night,  and  during  the  greater  part  of  the  year  at  a  some- 
what unseasonable  hour. 

The  method  from  the  sun  by  means  of  the  solar  compass  or  one 
of  the  many  solar  attachments  to  the  transit  is  without  doubt  known 
to  all  of  you,  although  comparatively  few  transits  in  this  part  of  the 
country  are  fitted  with  such  an  attachment,  as  the  demand  for  solar 
work  is  limited  and  not  generally  sufficient  in  ordinary  practice  to 
justify  either  the  increased  cost  of  instrument  or  the  inconvenience 
of  having  such  an  attachment  upon  the  transit,  owing  to  its  liability 
to  injury  and  the  increased  weight  of  instrument. 

There  are  times  however,  even  here  in  the  east,  when  it  would  be 
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very  convenient  to  do  solar  work,  and  there  are  also  at  the  present 
time  many  places  where  it  becomes  necessary  to  re-establish  an  old 
line  originally  run  with  a  compass,  but  where  the  needle  has  become 
of  comparatively  little  value,  owing  to  the  close  proximity  of  electric 
wires  of  various  kinds,  railroad  tracks  or  other  masses  of  iron  or 
steel,  and  where  the  ability  to  establish  the  true  north  and  south  line 
upon  the  ground  and  by  means  of  the  horizontal  circle  to  re- run  Ihe 
old  lines  by  their  true  bearing  seems  to  be  the  only  solution  of  the 
problem.  A  ready  and  convenient  means  therefore,  of  doing  this 
with  the  ordinary  transit  without  solar  attachments,  seems  to  be  a 
desideration,  and  though  no  doubt  such  means  are  known  to  many 
of  you,  yet  I  find  in  conversation  with  many  engineers  and  surveyors 
that  it  is  not  so  generally  known  as  might  be  supposed,  except  among 
such  engineers  and  surveyors  as  have  been  accustomed  to  do  work 
requiring  more  or  less  astronomical  knowledge. 

There  are  two  general  methods  for  accomplishing  this  object  by 
means  of  the  sun.  The  first,  known  as  the  '^  method  of  equal  alti- 
tudes of  the  sun,*'  is  applicable  to  both  the  ordinary  railroad  transit 
and  the  transit  with  vertical  arc  and  level,  while  the  second  and  much 
the  more  expeditious  and  neater  method  is  applicable  to  the  latter 
instrument  only. 

We  will  consider  the  two  methods  in  their  order. 

The  sun,  owing  to  the  revolution  of  the  earth  upon  its  axis  has  an 
apparent  daily  motion  from  the  east  over  the  arc  of  the  heavens  to 
the  west,  that  is,  the  sun  appears  to  revolve  around  the  earth,  and 
during  this  apparent  revolution  it  must  cross  the  meridian  or  true 
north  and  south  line,  and  the  principle  of  the  first  method  is  to  deter- 
mine the  angle  between  two  positions  of  the  sun  upon  either  side  of 
and  at  equal  distances  from  the  meridian,  and  by  bisecting  this  angle 
to  ascertain  the  true  place  of  the  meridian.  If  the  earth  did  not 
revolve  around  the  sun,  the  sun  at  the  same  hour  would  be  in  the 
same  position  in  the  heavens  upon  every  day  of  the  year,  and  the  true 
meridian  would  be  found  by  bisecting  the  horizontal  angle  between 
two  observations  of  the  sun  at  the  same  altitude,  one  in  the  morning 
and  the  other  in  the  afternoon. 

But  in  consequence  of  this  motion  of  the  earth  around  the  sun  and 
the  inclination  of  its  orbit  to  its  axis,  the  sun  has  an  apparent  motion 
towards  the  north  for  six  months  of  the  year  and  for  the  remaining 
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six  months  a  motion  towards  the  south.  This  apparent  motion  of 
the  sun  is  called  its  declination,  and  as  the  declination  is  different 
for  the  afternoon  observation  from  what  it  is  for  that  of  the  morning, 
it  is  evident  that  the  bisection  of  the  angle  between  the  two  obser- 
vations will  not  give  the  tme  place  of  the  meridian,  but  the  meridian 
to  an  observer  in  north  latitude  will  lie  to  the  left  of  its  position  as 
given  by  the  bisection  of  the  angle  when  the  sun  is  going  north,  and 
will  lie  to  the  right  when  the  sun  is  going  south,  so  that  a  correction 
most  be  introduced  due  to  the  declination  of  the  sun. 

The  amount  of  this  correction  will  depend  upon  the  difference  of 
declination  between  the  two  observations  reduced  to  a  horizontal 
angle  since  declination  is  measured  in  a  direction  parallel  to  the 
earth's  axis,  and  the  horizon  makes  an  angle  with  the  earth's  axis 
equal  to  the  latitude. 

To  obtain  the  total  amount  of  declination,  we  take  from  the  nau- 
tical almanac  or  a  table  of  declinations  of  the  sun,  the  hourly  rate 
of  change  of  declination  for  the  given  day  of  the  month ;  this,  multi- 
plied by  the  time  between  the  two  observations  will  give  the  total 
change  of  declination.  To  reduce  it  to  a  horizontal  angle  we  divide 
it  by  the  cosine  of  the  latitude.  The  latitude  can  be  obtained  near 
enough  from  any  good  map  if  it  is  not  already  known. 

This  correction  must  be  subtracted  from  the  reading  of  the  plate 
of  the  last  observation  if  the  sun  is  going  north,  and  added  if  the  sun 
is  going  south,  before  bisecting  the  angle.  To  explain  the  method 
more  fully,  a  description  of  the  actual  field  work  will  be  given  and 
also  an  illustrative  example. 

The  transit  is  setup  in  a" convenient  place  where  it  will  not  be  sub- 
ject to  disturbance.  A  sight  is  taken  upon  some  prominent  object 
as  a  reference  point  or  base  line,  such  object  being  preferably  to  the 
left  of  the  sun. 

The  telescope  is  then  turned  upon  the  sun  by  the  vernier  plate, 
and  the  sun's  disc  bisected  by  the  vertical  wire.  The  vertical  wire 
is  kept  in  this  position  by  the  tangent  screw  until  the  lower  limb  of 
the  sun  in  its  upward  motion  just  touches  the  horizontal  wire.  The 
time  of  day  is  then  taken,  and  the  angle  between  this  position  of  the 
sun  and  the  base  line  noted.  The  instrument  is  then  left  standing 
with  the  telescope  at  the  same  inclination  until  a  little  before  the 
time  in  the  afternoon,  corresponding  to  the  difference  of  time  between 
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the  morning  observation  and  noon,  when  the  telescope  is  again  turned 
upon  the  sun  (care  being  taken  not  to  disturb  the  inclination  of  the 
telescope,  if  a  railroad  transit)  and  a  second  observation  taken  in 
the  same  manner,  the  time  of  day  and  angle  being  noted  as  before. 

The  hourly  change  of  declination  is  then  taken  from  the  table  of 
declinations  for  the  given  day  of  the  month.  This  is  multiplied  by 
the  elapsed  time  in  hours  between  the  two  observations,  and  this 
product  divided  by  the  cosine  of  the  latitude.  This  result  will  be 
the  correction  to  be  subtracted  from  the  plate  reading  of  the  last 
observation  if  the  sun  is  going  north,  or  added  to  such  plate  reading 
if  the  sun  is  going  south. 

One-half  the  difference  between  this  corrected  plate  reading  and 
the  plate  reading  of  the  morning  observation  if  laid  off  from  the 
direction  of  the  morning  observation  will  give  the  direction  of  the  true 
meridian,  or  the  meridian  can  be  laid  off  from  th^  base  line  by  taking 
the  sum  or  difference  of  the  angle  between  the  base  line  and  the 
first  observation  and  the  above  one-half  difference.  After  taking 
the  last  observation,  the  telescope  should  be  turned  back  upon  the 
reference  point  to  see  that  the  dngle  reads  the  same,  and  the  bearing 
of  the  base  line,  and  the  two  positions  of  the  sun  by  the  needle  noted 
as  a  check  upon  the  angles  and  also  to  show  the  variation  of  the 
needle. 

In  making  the  additions  or  subtractions,  regard  must  be  had  to 
the  algebraic  signs  since  the  hourly  change  of  declination  is  plus 
from  the  21st  of  December  to  the  21st  of  June  or  while  the  sun  is 
going  north,  and  minus  from  the  21st  of  June  to  the  21st  of  Decem- 
ber while  the  sun  is  going  south.  The  proper  signs  are  given  in  the 
table. 

The  following  example  taken  from  actual  practice  will  further 
illustrate  the  method: 

Locality,  Bridgeport,  Conn. 

Date,  April  12th,  1895. 

Time  of  first  observation  lOh.  06m.  a.  m. 

Horizontal  angle  of  first  observation  from  assumed  base,  98°  36' 
right. 

Time  of  second  observation  Ih.  52m.  p.  m. 

Horizontal  angle  of  second  observation  from  assumed  base,  189'^ 
57'  right. 
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Difference  of  time  between  observations  3.766  hours. 
Latitude  of  place,  41°  10'  North. 
Magnetic  bearing  of  assumed  base,  N  44°  SO^  E. 
Magnetic  bearing  of  first  observation,  S  36*^  45'  E. 
Magnetic  bearing  of  second  observation,  S  54°  30'  W. 
Hourly  rate  of  change  of  declination  for  April  12th  from  table  + 
54.7  seconds. 
Hence  we  have 

54.7x3.766  206 

Cosine  41°  10'  =775280  =  ^^^'^^  =  ^  ^^^  =  ^^^^^ection. 

Plate  reading  of  second  observation  =  189°  57'. 
189°  57'—  4'  20"  =  189°  52'  40" ;  hence  189°  52' 40"  —  98°  36'  = 

2 
45°  38'  20"  =  J  difference  between  angles  ;  98°  36'  +  45°  38' 
20'^  =  144°  14'  20"  =  angle  between  true  meridian  and  base  line. 
This  angle  subtracted  from  180°  will  give  true  bearing  of  base  line, 
viz.,  N  35°  45' 40"  E.;  laying  off  an  angle  of  35°  45'  40"  to  the  left 
from  the  base  line  will  give  the  direction  of  the  true  meridian. 

Prom  the  two  observations  for  the  meridian,  time  can  also  be 
determined.  Thus  if  we  take  one -half  of  the  difference  between  the 
time  of  the  morning  and  the  afternoon  observation  we  shall  have 
the  time  at  which  the  sun  crossed  the  meridian  or  the  time  of 
apparent  noon.  For  very  accurate  results  a  correction  must  be 
made  due  to  the  change  in  declination,  but  this  will  be  quite  small 
and  in  ordinary  cases  may  be  neglected.  Thus  in  the  above  case 
we  found  the  change  due  to  declination  in  the  last  angle  to  be  4' 
20",  this  is  arc,  and  if  reduced  to  time  by  allowing  four  minutes  of 
time  for  each  degree  of  arc  we  find  the  correction  for  time  to  be 
17".  After  finding  the  time  of  apparent  noon  in  this  manner,  it  is 
reduced  to  mean  or  common  time  by  adding  or  subtracting  the 
equation  of  time,  which  is  given  with  its  proper  sign  for  the  given 
date  in  the  table  of  declination. 

A  second  method  of  finding  the  time  is  applicable  to  the  railroad 
transit,  but  pre-supposes  that  the  place  of  meridian  has  already  been 
found.  In  this  method  the  transit  is  set  up  near  th.e  hour  of  noon 
and  the  telescope  turned  into  the  plane  of  the  meridian.  The  tele- 
scope is  then  directed  to  the  sun,  and  the  time  when  the  first  limb 
or  edge  of  the  sun] touches  the  vertical  wire  is  noted,  and  also  the 
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time  when  the  second  limb  of  the  sun  touches  the  same  wire.  One- 
half  the  difference  between  these  two  times  will  be  time  of  apparent 
noon.  This  result  is  corrected  as  before  by  adding  or  subtracting 
the  equation  of  time  to  find  the  mean  or  common' time. 

The  second  method  of  finding  the  true  meridian  from  the  sun  is 
applicable  to  a  transit  capable  of  measuring  a  verticle  angle,  and  in 
this  method  but  one  observation  is  necessary.  The  field  work  is 
very  simple  and  consists  in  setting  up  the  transit  at  a  convenient 
point,  sighting  to  some  permanent  object  as  before  as  a  reference 
point  or  base  line,  bringing  the  telescope  to  a  level  and  the  vertical 
arc  to  zero,  and  then  taking  an  observation  of  the  sun,  measuring 
both  the  horizontal  angle  from  the  base  line  and  the  vertical  angle  or 
altitude  of  the  sun  above  the  horizon.  In  taking  this  observation 
the  sun's  disc  is  accurately  quartered  by  the  horizontal  and  vertical 
wires,  which  is  accomplished  by  working  the  tangent  screws  of  the 
horizontal  plate  and  vesical  arc.  The  exact  time  of  the  observation 
is  taken  as  before,  by  a  watch.  The  telescope  is  then  turned  back 
upon  the  reference  point  as  a  check  upon  the  accuracy  of  the  hori- 
zontal angle.  The  magnetic  bearings  of  the  sun  and  of  the  base 
line  should  also  be  taken  for  the  reasons  before  given.  After  mak- 
ing the  calculations  the  true  meridian  can  be  laid  off  from  the  base 
line. 

The  calculations  for  this  method  consist  in  finding  the  horizontal 
angle  between  the  sun  at  the  time  of  observation  and  the  true 
meridian,  and  to  do  this  it  becomes  necessary  to  solve  a  sperical 
triangle  in  which  the  three  sides  are  given. 

The  first  side  is  the  distance  from  the  zenith  to  the  north  pole  (in 
north  latitude)  or  the  co-latitude  equal  to  90°  minus  the  latitude  of 
the  place,  we  will  denote  this  by  h. 

The  second  side  or  a  is  the  distance  from  the  north  pole  to  the 
sun  at  the  time  of  observation,  or  the  co-declination  of  the  sun  equal 
to  90°  minus  the  declination. 

The  third  side  is  the  distance  of  the  sun  from  the  zenith  at  the 
time  of  observation,  or  the  zenith  distance  of  the  sun  equal  to  the 
co-altitude,  or  90°  minus  the  altitude  of  the  sun.  We  will  denote  this 
by  c,  and  the  required  angle,  that  is  the  angle  between  the  sun  at 
the  time  of  observation  and  the  meridit^o,  we  will  denote  by  A. 
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To  solve  this  triangle  with  respect  to  the  angle  A,  we  have  from 
Spherical  Trigonometry  the  formula : 


Tan  i  A=  J  ^^  (i  ^-b)  bMj  s-c) 
\       sm  J  s  sin  (J  s — a) 


This  will  give  us  the  value  of  Ay  the  required  angle,  if  the  three 
sides  are  substituted  in  the  formula,  8  denoting,  of  course,  the  sum 
of  the  three  sides. 

To  find  the  proper  values  of  the  three  sides,  we  find  the  value  of 
the  first  side  6  from  the  latitude,  which  can  be  taken  from  a  good 
map  or  determined  from  a  separate  observation  in  a  manner  soon  to 
be  explained. 

To  find  the  value  of  the  second  side  a  we  subtract  the  declination 
of  the  sun  for  the  given  date,  time  and  place  from  90*^.  The  decli- 
nation of  the  sun  is  given  in  the  Nautical  Almanac  or  other  tables 
of  declination  for  each  day  of  the  year  at  noon ,  for  either  the  Green- 
wich or  Washington  meridian,  to  reduce  these  declinations  to  the 
declination  at  noon  for  the  place  of  observation,  we  take  the  differ- 
ence in  longitude  between  Greenwich  or  Washington,  reduce  it  to 
time  by  allowing  four  minutes  of  time  for  each  degree  of  longitude, 
and  multiply  this  by  the  hourly  rate  of  change  of  declination  taken 
from  the  table.  This  correction  will  be  plus  for  places  west  of  the 
meridian  and  minus  for  places  east  of  the  meridian.  After  finding 
the  declination  for  the  given  place  at  noon,  to  find  it  for  the  time  of 
observation,  we  find  the  time  between  such  hour  and  noon,  and 
multiply  it  by  the  hourly  change  of  declination.  This  correction 
will  be  minus  for  any  hour  in  the  forenoon,  and  plus  for  any  hour 
in  the  afternoon,  since  in  the  latter  case  the  sun  is  west  of  the 
meridian  and  east  in  the  former.  In  making  these  additions  and 
subtraction  the  algebraic  signs  must  be  observed  since  the  declina- 
tions and  hourly  changes  given  in  the  tables  are  sometimes  plus  and 
sometimes  minus.  The  declinations  being  +  when  north  and  — 
when  south. 

To  find  the  value  of  the  third  side,  we  have  the  altitude  of  the  sun 
as  determined  by  the  vertical  angle  of  our  observation.  This  angle 
must  however  be  corrected  for  refraction,  due  to  the  varying  density 
of  the  atmosphere,  the  effect  of  refraction  being  to  cause  the  sun  to 
appear  at  a  greater  elevation  than  it  really  is.    To  correct  this  angle 
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for  refractioD,  we  can  take  the  amount  of  refraction  for  the  observed 
altitude  from  a  table  of  refraction,  such  as  is  found  in  most  works 
upon  astronomy,  or  we  can  compute  it  direct  from  the  following  for- 
mula which  is  applicable  to  all  altitudes  above  ten  degress,  viz:  r  = 
58.49"  tan  (90°— F)  where  r  =  the  amount  of  refraction,  and  F= 
the  observed  altitude.  Correcting  the  observed  altitude  by  subtract- 
ing the  refraction  from  it,  if  we  then  subtract  this  result  from  90° 
we  obtain  the  third  side  c,  which  is  the  zenith  distance  of  the  sun, 
or  the  distance  of  the  sun  from  the  zenith  at  the  time  of  observation. 
The  whole  subject  will  be  perhaps  rendered  somewhat  plainer  by 
reference  to  the  following  figure  in  which  we  will  let  the  circle  H  Z  Q 

be  the  meridian  of  the  place  of 
observation ;  O,  the  place  of 
observation ;  H  O  R  the  hori- 
zontal line  or  horizon  of  such 
place;  P,  the  North  pole  (celes- 
tial); S,  the  place  of  the  sun  at 
the  time  of  observation ;  L,  the 
zenith  of  the  place;  E  Q,  the 
celestial  equator,  and  F,  the  ob- 
served angle  or  altitude  of  the 
sun. 

Then  the  distance  R  P  will 
be  the  latitude  of  the  place,  from  the  principle  that  the  latitude  of 
any  place  is  always  equal  to  the  altitude  of  the  pole  above  the  horizon 
of  such  place,  hence  L  P,  which  is  our  tirst  side  6,  will  be  90°  minus 
the  latitude,  or  the  distance  between  the  pole  and  zenith.  The 
distance  O  S  will  be  the  declination  of  the  sun  or  the  distance 
of  the  sun  from  the  equator,  hence  P  S  or  the  side  a,  will  be  90° 
minus  the  declination  or  the  distance  between  the  sun  and  the  pole. 
The  distance  of  the  sun  from  the  earth  towards  the  zenith  is  meas- 
ured by  our  vertical  angle  when  corrected  for  refraction,  and  as 
the  distance  from  any  point  upon  the  earth  to  the  zenith  is  equal 
to  90°  the  value  of  our  third  side  c,  or  L  S  will  be  90°  minus  this 
corrected  angle.  The  angle  required,  or  the  angle  between  the 
position  of  the  sun  and  the  meridian  is  from  the  figure,  the  angle  P 
L  S  or  A. 
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For  practice  in  using  the  method  the  following  example  is  given : 

Locality,  Bridgeport,  Conn. 

Date,  March  21st,  1895. 

Time  of  observation.  2h.  r)2m.  p.  m. 

Horozontal  angle  from  base  line  87°  02'  left. 

Vertical  angle  equal  observed  altitude  34°. 

Latitude  of  place,  41°  10'  North. 

Longitude  of  place  from  Greenwich,  73°  12'  West. 

Sun's  declination  at  noon  at  Greenwich  for  March  21st,  1895, 
from  table  =  N 0°  15.1'  =  N  0°  15'  06'. 

Hourly  change  of  declination  for  date  +  59.2". 

To  find  declination  at  place  of  observation  for  noon  we  have  dif- 
ference in  longitude  =  73°  12'  =  73.2°;  73.2°  X  4  =  292.8'  = 
4.88  hours;  4.88  X  59.2"  =  288.89"  =4'  49";  hence  0°  15' 06" 
-|-4'  49"  =0°  19'  55"  =  declination  at  place  of  observation  at 
noon.  To  find  declination  at  time  of  observation  we  have  2h.  52m. ,  is 
75th  meridian  time ;  time  for  73°  12' meridian  would  be  7'  12" 
more  =  2h.  59.2m.  =  2.985  hours  from  noon;  2.985  X  59.2"  = 
176.7"  =  2'  57"  hence  this  being  in  afternoon  is  additive ;  0° 
19'  55"+  2'  57"  =  0°  22'  52".  Hence  from  the  above  figures  we 
have  side  P  S  =  a  =  90°  —  0°  22'  52"  =  89°  37'  08";  side  Z  P 
=  6  =  90°  —  41°  10'  =  48^^  50';  side  Z  S  =  c  =  90°  —  (F— r) 
where  F  =  observed  altitude  and  r  =  refraction;  to  find  the  refrac- 
tion we  have  the  formula  r  =  58.49"  tan  (96— F)  ==  58.49"  tan 
56°  =  58.49"  X  1.48256  =  86.7"  =  1'  27";  90°  —  (F— r)=  90° 
—  p  +  r  =  90^  —  34°  +  or  27"  =  56°  01'  27";  hence  Z  S  =  c 
=*  56°  or  27"  thence  from  formula  : 


^       ,    .  /  sin  (A  s — b)  sin  (J 

Tan  J  A  =  \/    -.— ;^  -.    f.      -  V 
"*  \    sm  i  5  sm  (J  s — a) 


s — c) 


8=  a-\-  h  -^  c. 

ah  c 

s  =.  89°  37'  08"  +  48°  50'  00"  +  56°  01'  27"  =  194°  28'  35" 
J  5  =  194°  28'^y'  =  97°  14'  17" 

2 
J  5  _  6  =  97°  14'  17"  —  48°  50'  =  48°  24'  17" 
J  5  _  c  =  97°  14'  17"  —  56°  01'  27"  =  41°  12'  50" 
J  5  —  a  =  97°  14'  17"  —  89°  37'  08"  =  7°  37'  09" 
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substituting  these  values  in  the  formula  we  have : 
sin  48°  24'  17"  sin  41^  12'  50" 


Tan  i  .1  =  ^- 


sin  97°  14'  17"  sin    7°  37'  09" 

Sin  97°  14'  17"  =  sin  82°  45'  43"  hence  : 

Log.  sin  82°  45'  43"  =  9.9965253 
u       ic     70  37'  09"  =  9.1225036 

19.1190289 

Log.  sin  48°  24'  17"  =  9.8738195 
^*   *'  41°  12'  50''  =  9.8188009 


19.6926204 


19.6926204 
19.1190289 

27^5735915 

0.2867958 

iA  A 

62°  40'  35"  X  2  =  125°  21'  10" 

From  this  we  find  the  angle  A  or  the  angle  between  the  son  and 
the  meridian,  at  the  time  of  observation,  to  be  125°  21'  10";  the  mag- 
netic bearing  of  the  sun  at  the  time  of  observation  was  S  63°  45'  W; 
this  shows  that  this  angle  is  to  be  turned  to  the  right  from  the  sun 
to  the  north  point  of  the  meridian ;  and  since  the  angle  between  the 
base  line  and  the  sun  was  87°  02'  left  of  the  base  line,  the  true  bear- 
ing of  the  base  line  will  be  the  difference  between  the  angle  A  and 
87°  02'  =  N  38°  19'  10"  W;  this  angle  being  laid  off  to  the  east  of 
the  base  line  will  give  the  position  of  the  true  meridian.  The  mag- 
netic bearing  of  the  base  line  being  the  mean  of  several  observations 
was  found  to  be  N  29°  10'  W ;  the  difference  between  this  and  the 
true  bearing  of  the  line  is  9°  09'  10",  which  shows  the  variation  of 
the  needle  at  the  place  of  observation. 

In  the  above  demonstration  and  example,  it  will  be  noticed  that  in 
finding  the  side  c,  or  the  zenith  distance  of  the  sun,  no  account  has 
been  taken  of  what  is  called  the  **  parallax  of  the  sun,'*  or  the  differ- 
ence in  the  observed  altitude  of  the  sun,  due  to  the  observation  being 
made  at  the  surface  of  the  earth,  rather  than  at  the  centre  of  the 
earth,  where  all  astronomical  observations  are  supposed  to  be  made. 
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There  would  be  a  slight  correction  due  to  this  cause,  and  its  eflBect 
would  be  to  increase  the  observed  vertical  angle,  but  it  is  so  small, 
never  being  equal  to  ten  seconds,  that  it  has  been  thought  better  to 
neglect  it,  than  to  encumber  the  computation  with  these  few  seconds, 
inasmuch  as  the  ordinary  engineer's  transit  is  not  capable  of  reading 
an  angle  less  than  15",  so  that  it  could  not  be  laid  off  if  obtained. 
To  any  one  desirous  of  making  this  correction,  however,  for  the  pur- 
pose of  comparison  with  an  observation  upon  the  North  star,  or  the 
comparison  of  two  observations  upon  the  sun,  the  parallax  for  the 
given  altitude  of  the  sun  can  be  obtained  by  multiplying  the  cosine 
of  the  observed  vertical  angle  by  8.8  seconds  and  adding  the  result 
in  seconds  to  the  observed  vertical  angle  before  correcting  it  for 
refraction.  The  factor  8.8"  is  the  sun^s  parallax  at  the  horizon,  or 
the  horizontal  parallax  of  the  sun,  and  its  amount  at  any  altitude  is 
equal  to  the  horizontal  parallax  multiplied  by  the  cosine  of  the  alti- 
tude. In  the  example  given,  the  effect  of  this  correction  upon  the 
angle  A  would  be  to  diminish  it  by  06",  that  is,  the  angle  A  would  be 
125°  21'  04"  instead  of  10"  as  given. 

Another  slight  correction  should  also  be  noted  when  extreme  accu- 
racy is  required.  This  refers  to  the  time  of  observation  as  taken  by 
the  watch.  For  all  ordinary  cases  the  time  as  taken  by  a  good 
watch  even  if  it  should  vary  by  several  minutes  from  the  correct 
time  will  be  near  enough  in  practice,  as  such  variation  in  time  has 
only  a  relatively  small  influence  upon  the  value  of  the  angle  between 
the  sun  and  the  true  meridian.  When  the  watch  is  very  much  out 
however,  or  when  extreme  accuracy  is  desired,  the  true  local  time 
can  be  calculated  from  the  observation  in  a  manner  soon  to  be  given, 
and  this  true  time  used  in  the  calculation  of  the  meridian.  The  true 
latitude  of  the  place  can  also  be  determined  by  a  separate  observation 
at  noon,  and  this  used  in  the  calculation  instead  of  the  latitude  taken 
from  the  map. 

As  a  test  of  the  accuracy  of  the  method,  two  observations  were 
made  upon  the  North  star  upon  different  dates,  using  the  same  base 
line  and  the  transit  being  set  up  at  the  same  point  as  in  the  obser- 
vation upon  the  sun.  The  first  gave  the  true  bearing  of  the  base 
line  as  N  38°  16'  38"  W,  a  difference  of  2'  32"  from  that  by  the  sun. 
The  second  gave  the  true  bearing  of  base  line  as  N  38°  23'  14"  W^ 
a  difference  4'  04"  from  the  bearing  by  the  sun.    The  mean  of  these 
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two  bearings  by  the  North  star  is  N  38^  19'  56"  W;  the  difference 
between  this  and  the  bearing  by  the  sun  is  0'  46". 

Another  observation  was  made  upon  the  sun  at  a  different  place, 
using  of  course  a  different  base  line.  The  true  bearing  of  baseline 
was  foun4  to  be  N  35^  57'  52"  E.  An  observation  upon  the  North 
star  the  same  day  gave  the  true  bearing  of  base  line  N  35°  57'  46"  E, 
a  difference  of  only  06". 

As  in  the  first  method  this  observation  will  serve  to  find  the  time. 

If  we  refer  to  the  figure  once  more,  we  see  that  the  side  P 
S  in  the  spherical  triangle  Z  P  S  is  a  portion  of  a  great  circle  pass- 
ing through  the  sun  and  the  celestial  poles.  Such  a  circle  is  known 
in  astronomy  as  an  hour  circle.  And  since  the  sun  is  on  the  meri- 
dian at  apparent  noon,  the  difference  of  time  between  any  position 
of  the  sun  and  the  time  of  apparent  noon  will  be  given  by  the  angle 
between  the  hour  circle  passing  through  the  sun  at  the  given  posi- 
tion and  the  meridian.  This  angle  in  our  figure  is  the  angle  Z  P  S, 
since  Z  P  is  the  meridian  and  P  S  is  the  hour  circle.  Hence  to 
find  the  time  we  let  the  angle  Z  P  S  equal  the  angle  A  in  our  for- 
mula: 


TanM°x/'!°^^'.~^^''°^^'~'^     in  which 
\     sm  J  5  sm  (i  5  —  a) 


case 


Z  S  will  represent  the  side  a  and  P  S  the  side  c,  ZF  being  6  as  be- 
fore. The  value  of  A  given  by  this  will  be  the  difference  in  arc  or 
degrees,  etc.  between  the  meridian  and  the  hour  circle,  this  reduced 
to  time,  by  allowing  four  minutes  of  time  for  each  degree,  will  give 
the  time  between  the  time  of  observation  and  apparent  noon.  By 
adding  or  subtracting  the  equation  of  time  found  in  the  table  of 
declination,  regard  being  had  to  the  sign,  we  obtain  the  mean  or 
common  noon.  The  sign  of  the  equation  of  time  is  given  in  the 
table,  but  it  may  be  well  to  state  it  here  for  different  times  of  the 
year.  Prom  April  15th  to  June  14th  the  sign  is  minus  ;  June  14th 
to  September  1st  it  is  plus ;  September  1st  to  December  24  it  is 
again  minus,  and  from  the  latter  date  to  April  15th  plus. 

With  a  transit  furnished  with  a  vertical  arc  and  level,  the  latitude 
of  a  place  can  also  be  found  by  an  observation  upon  the  sun.  To  do 
this  the  transit  is  set  up  just  before  noon,  and  the  sun  followed  as 
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it  rises  until  it  reaches  its  greatest  altitude,  the  sun  is  then  upon 
the  meridian.  The  vertical  angle,  which  is  the  observed  altitude  of 
the  sun,  is  read  and  corrected  for  refraction  in  the  same  manner  as 
in  finding  the  true  meridian  by  the  second  method.  Then  referring 
to  the  following  figure : 

Let  O  be  the  place  of  observa- 
tion, the  circle,  H  E  R  Q,  the 
meridian  passing  through  such 
place ;  H  O  R  the  horizontal  line, 
or  horizon,  and  E  O  Q  the  equator  j 
N  P  the  North  pole;  S  P  the 
South  pole.  Then  let  S  be  any 
position  of  the  sun  upon  the  meri- 
dian when  its  declination  is  North 
and  S'  any  such  position  when 
the  declination  is  South.  Then  as 
^'®-  ^  before  P  R  will  be  the  latitude  of 

the  place.  S  E  will  be  the  declination  of  the  sun  when  it  is  North 
of  the  equator,  and  S'  E  its  declination  when  South  of  the  equator. 
R  Q  ==  E  H  will  be  the  complement  of  the  latitude  or  co-latitude, 
and  the  angle  A  A,  measured  by  the  arcs  S  H  S'.  H  will  be 
the  altitude  of  the  sun  ;  equal  to  the  observed  vertical  angle  cor- 
rected for  refraction.  Hence  to  find  the  latitude  we  first  find  the 
co-latitude  R  Q  or  E  H  from  the  figure  and  following  formula : 
EH  =  SH  —  ^E  when  the  sun  is  North  of  the  equator,  and  E  H 
=  S'  H  4-  S'  E  when  the  sun  is  South  of  the  equator,  or  in  the  first 
case  the  co- latitude  is  equal  to  the  corrected  altitude  of  the  sun 
minus  the  declination  of  the  sun.  And  in  the  second  case  the 
co-latitude  is  equal  to  the  corrected  altitude  of  the  sun  plus  the 
declination  of  the  sun.  The  declination  of  the  sun  is  to  be  found 
for  the  given  place  in  the  same  manner  as  in  finding  the  true  meri- 
dian. 

The  co-latitude  subtracted  from  90°  gives  the  latitude.  In 
making  the  observation,  either  the  sun^s  disc  may  be  quartered  by 
the  cross  hairs,  or  the  sun's  lower  limb  may  be  brought  to  touch 
the  horizontal  wire,  the  angle  observed  and  the  sun's  semidiameter 
equal  to  16'  01.8"  be  added  to  the  angle  before  correcting  for 
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refraction.  One  or  two  remarks  upon  the  manner  of  making  the 
observations  may  not  be  out  of  place.  An  observation  can  not  be 
made  upon  the  sun  through  the  telescope  without  great  danger  to 
the  sight.  Some  protection  to  the  eye  therefore  becomes  necessary. 
A  piece  of  smoked  glass  held  before  the  eyepiece  will  answer  every 
purpose,  but  is  somewhat  inconvenient  as  both  hands  are  generally 
required  for  working  the  tangent  screws  and  holding  the  watch. 
A  piece  of  colored  glass  carried  in  the  pocket  and  cut  so  as  to  fit  in 
the  cap  to  the  eyepiece  is  much  better. 

Black  glass  is  best,  but  as  it  is  sometimes  difficult  to  obtain,  a 
piece  of  red  and  a  piecfe  of  blue,  placed  together,  will  give  nearly 
the  same  effect.  These  can  generally  be  obtained  at  any  paint  shop 
for  a  few  cents.  If,  however,  the  glass  is  wanting,  or  an  observa- 
tion is  desired  when  the  sun  is  so  high  in  the  heavens  that  it  be- 
comes difficult  to  look  through  the  telescope,  the  observation  may 
still  be  made  by  taking  a  piece  of  white  paper,  or,  better  still,  the 
back  of  a  business  card,  holding  it  in  front  of  the  eyepiece,  and  by 
the  tangent  screws  and  object  glass  screw  projecting  a  clear  image 
of  the  sun  upon  the  white  surface.  The  cross  hairs  can  then  be 
focused  so  that  a  clear  image  of  the  hairs  can  be  projected  upon  the 
image  of  the  sun,  and  by  means  of  the  tangent  screws  the  sun's  disc 
can  be  accurately  quartered  and  the  observation  made  in  this  man- 
ner. The  nearer  the  sun  is  to  the  zenith  or  the  higher  the  altitude 
when  the  observation  is  made  the  less  will  be  the  en*or  from  refrac- 
tion. Thus  the  error  from  refraction  at  the  zenith  or  90°  is  nothing, 
at  75°  it  is  16",  at  60®  it  is  34".  A  direct  observation  through  the 
telescope  can,  however,  always  be  made  with  ease  at  an  angle  of 
45° ,  and  the  refraction  for  this  angle  is  58"  or  less  than  1'. 

Observations  should  never  be  made  when  the  sun  is  less  than  10*" 
above  the  horizon,  as  below  that  altitude  the  amount  and  effect  of 
refraction  becomes  very  irregular  and  the  formula  given  cannot  be 
depended  upon  for  close  results.  A  table  of  refraction  from  1°  to 
90^  for  a  mean  temperature  of  50*"  and  barometic  pressure  of  30 
inches  is  given  at  the  end  of  this  paper,  also  a  table  of  hourly  change 
of  declination  of  the  sun  for  five  day  periods  of  each  month  of  the 
year,  for  use  with  the  first  method  of  finding  the  ttue  meridian. 
Values  for  the  intervening  days  can  be  found  by  interpolation, 
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TABLE  OF  REFRACTION. 


BabomstbbatSO*.    Tbmpuuttjbs  at  50°  F. 


Altitude. 

BefraciioD. 

Altitude. 

Refraction. 

Altitude. 

Refirmction. 

AlHtude. 

Refraction. 

lo 

24'   39" 

10^  30' 

5'  05- 

25° 

2'  04- 

48° 

0'  52- 

1^   SC 

21'  34" 

11° 

4'   bV 

26° 

1'  59- 

60° 

0'  49- 

2^ 

19'   57" 

IP  30' 

4'  29* 

27° 

1'  54- 

52° 

0'  45- 

^  ac 

16'  10" 

12° 

4'  27" 

28° 

1'  49- 

54° 

0'  42- 

3^ 

14'  23" 

12°  30' 

4'   17" 

29° 

1'  45- 

5C« 

0'  39- 

3^  ac 

12'  56" 

13° 

4'  07" 

30° 

1'  41- 

58° 

0'  36- 

4^ 

11'  46" 

13°  30' 

3'  58" 

31° 

1'  37" 

60° 

0'  34- 

4**  SC 

10'  46" 

14° 

3'  49* 

32° 

1'  33- 

62° 

0'  31- 

5° 

9'  52- 

14°  30' 

3'  42" 

33° 

1'  29- 

65° 

0'  27- 

5°  30' 

9'  07" 

15° 

3'  34' 

34° 

1'  26- 

67° 

0'  25- 

6** 

8'  28" 

16° 

3'  20" 

35° 

1'  23- 

70° 

0'  21- 

6°  30' 

7'  53- 

17° 

3'  08" 

.36° 

1'  20- 

72° 

0'  19- 

r 

7'  20" 

19° 

2'  67" 

37° 

1'  17- 

75° 

0'  16- 

r  3^ 

6'  57- 

19° 

2'  48" 

38° 

1'  14- 

77° 

0'  13- 

8° 

&  33" 

20° 

2'  39- 

39° 

1'  12- 

80° 

0'   10- 

8*  30' 

6'  12- 

21° 

2'  31- 

40° 

1'  09- 

85° 

0'  05- 

9° 

6'  62" 

22° 

2'  23- 

42° 

r  05" 

90° 

0'  00" 

9^  30' 

5'  36" 

23° 

2'   16- 

44° 

1'  00- 

lO' 

5'  19" 

24° 

2'   10- 

46° 

0'  56- 

Hourly  Motion  of  the  Sun  In  Declination. 


Month. 


1 

5 

10 

15 


25 
30 


Jan. 


12.5'' 
17- 
22.5- 
27.7*^ 


20      32.6- 


37.1" 
41.2- 


Feb.    I  Mar.     Apr.  !  May. 


42.8' 
45  6' 


I    +   I    +    '    + 
57.1- 57.8- 46.4" 
.57.9-56.9-42.8" 


June.  •  July. 


I 


48.8-58.7- 
51.5"  59.2" 


53.9- 

55.8" 
•66.7" 


59.3" 

58.9" 
58.2- 


55.4"  39.2" 
53.6"  35.4" 

51.4"  31.3" 


+ 
20.4 
16.5 
11.5 

6.4 
+    I 

1.2-I28.1 


48.9" 
46.0" 


26.9" 
22.3" 


10.1" 
14.1" 
18.9" 
23.6" 


3.9"|32.3" 
9.0"|36.3" 


Avig.     Sep. 


Oct. 


37.8" 
40.6" 
43.9" 
46.9" 

49.5" 

51.8" 
53.7- 


54.4"t58.2" 
55.6-57.8" 


Nov. 


166.9' 56. 9"|42 


57.8- 

58.3" 

58.5" 
58.3" 


55.6" 

53.9" 

51  8" 
49.2" 


38 


34.0" 


Dec. 


23.3" 

19.0" 

13.5" 

7.7" 

1.8" 

+ 

4.0" 
9.9- 


^Febniary  28. 
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Ebbobs  in  HoBXZoNTAii  Amols  (ob  Azimuth)  of  ths  Suk  fob  Oms  MiMnrx  Ebbob 
Declination  ob  Latitudb. 


Hour. 


1130  a. 
12.30  p. 

11.00  a. 
1.00  p. 

10.00  A. 
2.00  p. 

9.00  a. 
3.00  p. 

8.00  a. 
4.00  p. 

7.00  A. 
5.00  p. 

6.00  a. 
6.00  p. 


Fori  MinateEr-||    For     1   Minute 
ror  in  Declination.  ;  Error  in  Latitade. 


Lat. 
30«» 


Min, 
8.85 


4.46 
2.31 
1  63 
1.34 
1.20 
1.16 


Lat. 
40» 


Lat.      Lat.    Lai, 
60«    I    30*»  .40** 


Min.     Min.     Min.  Min. 
10  00  12.9o!  8.77  9.92 


5  05 
2.61 
1.85 
1.51 
1.35 
1.30 


6.01j4.33|4.87 
3.1lj|2.002.26 
2.20  1.15  1.30 

1.80  0.67  0.75 

i 

1.61  0.310.35 


Lat. 

Min. 
11.80 


6.80 
2.70 
1,56 
0.90 
0.37 


1.56  0  000.00    0.00 


To  use  the  above  table  ; 

If  after  making  the  calculation  for  the  azimuth  or  horizontal  angle 
between  the  sun  and  the  meridian,  we  should  find  that  we  had  used 
a  wrong  latitude,  or  a  wrong  declination,  the  horizontal  angle  can  be 
corrected  by  the  table. 

If  the  latitude  used  was  less  than  the  correct  latitude,  the  hori- 
zontal angle  from  the  south  point  around  by  way  of  S,  W,  N,  should 
be  increased  by  the  tabular  difference  for  each  minute  of  error,  and 
if  the  latitude  used  was  greater  than  the  correct  latitude,  the  angle 
should  be  diminished  by  the  tabular  difference. 

If  the  declination  used  was  less  than  the  correct  declination,  the 
same  angle  would  be  decreased  by  the  tabular  difference,  and  if  the 
declination  was  greater  than  the  correct  one  the  angle  would  be  in- 
creased . 
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DISCUSSION. 

Mr.  Burt,  The  question  I  had  in  mind  was  in  reference  to  the 
first  method.  What  would  be  the  least  correction  in  the  hour  of  the 
declination  of  the  sun,  and  what  would  be  the  greatest  correction  to 
be  made  on  account  of  that  declination. 

Mr.  Palmer.  The  least  correction  would  be  the  nearer  the 
observations  were  to  apparent  noon,  apparent  noon  differs  fifteen 
minutes  from  the  true  noon.  The  nearer  they  were  taken  to  noon 
the  less  they  would  influence  the  correction,  but  it  is  best  to  take 
the  observations  not  less  than  an  hour  apart  on  each  side.  If  one 
were  taken  at  eight  in  the  morning  and  one  at  five  in  the  afternoon 
the  difference  would  be  considerable.  The  real  change  for  today  in 
the  declination  is  twenty-five  minutes  and  sixteen  seconds.  The 
real  change  in  the  example  nearly  double  that.  The  real  change 
January  1st  was  13.08  seconds.  If  we  go  back  to  about  December 
24th  we  find  that  practically  to  the  first  of  January  there  is  not  very 
much  change.  The  real  change  keeps  on  increasing  from  the  present 
time  until  March  14th,  when  it  is  59.  This  continues  until  March 
21st  when  it  is  58.9,  dropping  all  the  time  until  it  comes  to  June 
20th,  when  the  sun  reaches  its  greatest  distance  north.  There  it 
changes  to  — .3.     That  of  course  has  an  important  bearing. 

Mr.  Burt.  Take  10.30  in  the  morning  and  1.30  in  th€  after- 
noon. 

Mr.  Palmer.  You  cannot  depend  upon  these  observations 
exactly  unless  the  time  the  meridian  crosses  the  sun  and  the  common 
time  at  noon  coincide.  Where  it  does  not,  of  course  you  have  to 
take  into  account  the  question  of  time. 

Mr.  Burt.  What  I  had  in  mind  was  what  would  be  the  great- 
est correction  to  be  made,  supposing  the  difference  in  the  observa- 
tions was  one  hour  and  thirty  minutes. 

Mr.  Palmer.  This  example  was  not  a  great  ways  from  that, 
about  two  hours,  and  the  correction  at  that  day  was  four  minutes 
and  twenty  seconds,  and  when  the  real  difference  was  the  greatest. 
One  hour  and  twenty  minutes  or  one  and  one-half  hours  would  be 
still  less.  Taken  some  other  time  in  the  year  it  would  be  very  little. 

Mr.  Burt.  Do  we  understand  that  four  minutes  is  the  differ- 
ence and  that  one-half  of  that  is  to  be  taken. 
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Mr.  Palmer.  No,  that  is  to  be  taken  from  the  last  correction. 
You  subtract  it  from  the  last  reading  and  find  the  difference  from 
the  angle.  That  reading  is  corrected  by  the  difference  between  that 
and  the  first  reading  in  the  morning.  It  amounts  to  about  half  the 
difference. 

Mr.  Burt.  In  the  second  method  it  is  necessary  to  have  a  nau- 
tical almanac  is  it  not! 

Mr.  Palmer.  There  is  a  great  deal  that  is  not  necessary  in  a 
nautical  almanac.  There  is  a  table  of  declinations  in  the  World 
almanac. 

President  Smith.  I  would  like  to  inquire  if  that  diagram  repre- 
sents the  problem  you  have  given  in  the  paper. 

Mr.  Palmer.    Yes. 

Mr.  Burt.  You  have  referred  to  the  method  of  observation  by 
the  North  star.  Now  there  are  three  methods.  Which  do  you  con- 
sider the  most  correct  ? 

Mr.  Palmer.    The  second  method. 

Mr.  Burt.  Personally,  I  have  found  observation  on  the  North 
star,  at  night  is  the  most  expeditious,  gives  the  best  results,  and  is 
accurate. 

Mr.  Palmer.  The  advantage  of  this  is  that  you  can  take  these 
observations  at  any  time  and  figure  them  out  at  your  leisure.  These 
can  be  <Ibne  without  a  solar  attachment,  but  if  one  is  doing  much 
work  of  this  kind,  a  solar  attachment  is  much  the  best. 

Mr.  Burt.  It  would  also  be  necessary  in  the  first  method  to 
have  a  clamp  attached  to  your  telescope. 

Mr.  Palmer.  It  is  not  necessary.  After  getting  your  inclina- 
tion, the  screws  can  be  tightened.  In  the  first  method  you  must 
leave  it  for  an  hour  or  two  and  it  is  liable  to  be  changed. 
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THE  INTERCEPTING  SEWER  OF  HARTFORD. 

ADDRESS  BY  C.  H.  BUNCE,  C.  E.,  HARTFORD. 


I  am  very  sorry  and  considerably  surprised  to  find  myself  in  this 
position,  for  two  or  three  reasons.  The  president  wrote  me  a  week 
or  so  ago,  asking  if  1  would  present  a  paper  at  this  meeting  on  the 
subject  of  the  new  intercepting  sewer  we  have  been  building  this 
year  in  Hartford.  I  replied  it  would  be  utterly  impossible  for  me 
to  prepare  such  a  paper.  My  duties  have  been  so  arduous  and  con- 
fining I  have  had  no  opportunity  to  prepare  a  paper,  even  of  the 
briefest  nature,  and  I  hardly  know  now  in  what  shape  to  put  my 
remarks  on  this  subject.  I  don't  know  just  what  you  would  like  to 
hear  about  this  work.  It  has  kept  me  busy  for  a  great  many 
months,  and  though  it  is  very  thoroughly  in  my  mind, I  hardly  know 
in  what  shape  to  place  it  before  you.  If  anybody  could  sufjgest  in 
what  way  they  would  like  to  have  me  present  it,  it  would  be  a  great 
help. 

Mr.  Pierson.  Haven't  you  a  map  of  the  city  you  could  bring 
in? 

Mr.  Bunce.  No,  sir,  it  is  fastened  up  on  the  wall  in  my  office. 
Perhaps  you  would  like  a  description  of  this  sewer  and  a  statement 
of  what  it  is  intended  to  accomplish.  The  double  carriage  system 
had  been  in  use  in  Hartford,  consequently  that  question  had  to  be 
solved.  From  the  center  of  this  city  runs  what  we  call  Park  river 
emptying  into  the  Connecticut  river,  and  perhaps  a  mile  above  the 
Connecticut,  Park  river  branches  north  and  south.  In  the  neigh- 
borhood of  the  Union  Station,  Gully  Brook  enters  Park  river.  Now 
Park  river  and  its  two  branches  and  Gully  Brook  have  always  been 
taken  as  the  points  of  delivery  for  all  the  sewage  of  Hartford  that 
comes  into  that  valley.     The  north  section  of  the  city  and  the  part 
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lying  between  Main  street  and  the  river,  which  was  taken  care  of 
either  in  a  combined  sewer  or  by  individual  sewers  emptying  into 
the  Connecticut  river,  are  not  considered  in  this  system.  The 
problem  was  to  relieve  Park  river  and  Gully  Brook  of  sewa^. 
Consequently  the  intercepting  sewer  follows  quite  closely  the  valley 
of  that  stream  and  brook  with  its  outlet  into  the  Connecticut  river. 
The  problem  was  simplified  to  quite  a  considerable  extent  by  the 
fact  that  the  sewers  all  enter  the  river  on  one  side  or  the  other,  and 
largely  on  one  side,  so  that  we  have  been  enabled  by  building  the 
sewer  in  the  river  valley  to  cut  off  every  sewer  that  now  empties 
into  the  river,  and  bring  the  local  sewer  into  the  interceptor.  In 
1893  a  committee  of  the  street  board,  the  health  commission  and 
the  park  commission  was  appointed  to  consider  this  subject.  The 
surveys  for  the  pi'oper  consideration  of  the  subject  were  made 
under  the  direction  of  Mr.  Burt,  who  was  then  city  surveyor  of 
Hartford.  Mr.  Rudolph  Bering  was  appointed  consulting  engineer 
for  this  project.  Based  upon  Mr.  Burt's  surveys,  Mr.  Hering  laid 
out  the  sewer  which  we  have  been  constructing.  The  sewer  varies 
in  size.  At  the  river  it  is  56  inches.  It  decreases  as  it  goes  up 
the  river  and  its  two  branches  until  it  comes  down  to  24  inches  in 
diameter.  The  sewer  is  built  entirely  of  brick,  and  is  circular  all 
the  way  through.  It  is  built  with  two  rings  of  brick.  The  work 
on  this  sewer  began  on  the  5th  of  May,  1895.  The  first  work  was 
sinking  the  shaft  in  the  vicinity  of  Main  street  for  building  375 
feet  of  tunnel  to  prevent  opening  that  thoroughfare.  The  work  has 
been  pushed  rapidly,  the  force  of  men  employed  being  increased 
from  month  to  month,  until  in  August  over  600  men  were  at  work. 
Something  over  a  mile  of  sewer  was  built  that  month.  The  total 
length  of  the  sewer  is  a  little  over  six  miles,  and  today  more  than 
five-sixths  of  the  work  is  completed.  The  theory  upon  which  the 
sewer  is  constructed  is  the  interception  of  the  sewage  flowing  into  the 
Park  river  and  its  branches,  without  any  attempt  to  control  or  take 
care  of  anything  more  than  the  first  run  of  rain  or  storm  water. 
So  that  a  part  of  this  system  is  to  continue  in  use  present  sewers  as 
overflow  sewers  for  heavy  storms,  the  sewage  itself  being  inter- 
cepted at  some  point  i  in  mediately  in  the  vicinity  of  the  interceptor 
or  more  remote.  In  some  places  where  the  grades  of  the  old 
.sewers  were  such   as  to  interfere  with  the  construction  of  the  new 
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sewer,  we  have  reconstructed  the  old  sewer,  in  some  cases  taking  it 
over  and  in  some  under  the  new  sewer,  in  all  cases  preserving  the 
old  sewers  as  storm  water  outlets.  Of  course  in  the  construction  of 
the  sewer  we  have  met  with  various  difficulties  and  obstacles  which 
would  be  encountered  where  a  sewer  is  running  through  a  cut  of 
from  16  to  25  feet.  We  have  found  all  sorts  of  material  in  the 
bottom  and  have  had  to  take  all  sorts  of  precautions  to  overcome 
the  difficulties  as  we  came  to  them.  Possibly  the  most  dangerous 
section  we  have  met  with  is  the  section  lying  along  the  margin  of 
the  river,  along  what  we  call  Jewell  street,  near  the  Y.  M.  C.  A. 
building.  The  bank  is  not  very  heavy,  and  on  the  city  side  of  the 
street  there  are  some  heavy  buildings  with  heavy  machinery  in 
them.  In  no  case  do  the  foundations  of  these  buildings  go  within  6 
to  8  feet  as  low  as  the  sewer.  This  fact  caused  more  anxiety  in  the 
minds  of  the  property  owners  than  in  mine.  We  have  passed  that 
point  with  no  damage  to  any  of  the  buildings.  I  do  not  know  why 
it  is  not  thoroughly  safe  as  far  as  the  sewer  is  concerned.  I  do  not 
think  the  method  v^e  adopted  was  novel  or  strange.  We  drove  the 
sheathing  in  the  side  of  the  ditch  down  to  the  bottom  of  the  trench  just 
above  the  under  drain.  The  only  danger  we  apprehended  there  was 
movement  of  the  bank  kicking  in  the  bottom  of  the  sheathing.  To 
prevent  that  we  put  a  solid  bed  of  concrete  a  foot  deep  over  the 
under  drain.  In  the  bottom  of  the  trench  we  put  a  heavy  ring  of 
concrete  to  sustain  the  invert.  We  left  the  heavy  bracing  until 
the  concrete  had  set.  We  then  took  out  the  lower  brace,  filled  with 
brick  and  covered.  The  depth  of  the  concrete  above  the  arch 
varied  from  8  inches  to  2  feet.  An  average  section  of  this  part  of 
the  construction  is  8  feet  square.  There  has  been  no  trouble  with 
settlement  of  the  ground  or  settling  of  any  kind. 

Following  the  address  questions  were  asked  as  follows : 

Mr.  Pierson.     What  is  the  size  of  the  sewer  f 

Mr.  Bunce.     In  Jewell  street,  52  inches. 

Me.  Daboll.     What  is  the  nature  of  the  soil  there  ? 

Mr.  Bunce.  Originally  the  river  itself  went  farther  north  than 
this  street,  so  that  the  earth  is  entirely  made  land.  The  street  is 
10  feet  above  the  river.  Beyond  that  we  found  the  original  soil. 
There  was  no  quicksand,  but  it  was  soft  and  mucky  in  places.  At 
the  bottom  we  got  hard  foundation. 
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Mb.  Pierson.  What  is  the  grade  compared  with  the  bottom  of 
the  river  t 

Mr.  Bunce.  The  top  of  the  sewer  is  about  fifteen  iDches  below 
the  surface  of  the  water  in  the  river. 

Mb.  Piebson.     And  the  water  in  the  river  is  about  six  feet  deep  T 

Mr.  Bunce.     About  six  or  seven  feet  deep. 

Mb.  McKenzie.  How  far  does  the  high- water  line  extend  up 
Park  River? 

Mb.  Bunce.  Do  you  mean  the  extreme  high-water  of  the  '54 
flood? 

Mb.  McKenzie.     Ordinary  high  water. 

Mb.  Bunce.     Pretty  nearly  to  Broad  street. 

Mb.  McKenzie.  What  is  done  with  the  sewage  from  the  main 
sewer  when  the  river  is  high? 

Mb.  Bunce.  I  take  it  the  intercepting  sewer  will  empty  just  as 
the  old  laterals  did  in  freshet  times. 

Mb.  Piebson.  I  do  not  know  as  I  get  your  idea  about  the  depth 
of  the  sewer. 

Mb.  Bunce.     About  the  same  as  the  depth  of  the  river. 

Mb.  Piebson.  The  general  grade  is  about  the  grade  of  the 
river? 

Mb.  Bunce.  Yes,  taking  it  from  the  Connecticut  river  to  the 
stepping-stones  it  is  about  the  same  elevation. 

Mb.  Piebson.     You  did  not  find  quicksand? 

Mb.  Bunce.     No,  we  have  not  struck  regular  quicksand. 

Mb.  Olmstead.  What  is  the  nature  of  the  construction  at  the 
outlet  into  the  Connecticut  ? 

Mb.  Bunce.  There  is  a  double  construction.  One  level  with 
the  summer  flow  of  the  river.  Then  back  about  100  feet,  a  trap 
and  manhole  discharges  about  9  feet  below  the  water,  through  a 
24-inch  pipe  which  will  carry  the  ordinary  summer  outflow. 

Mb.  Olmstead.     What  is  that  laid  on  ? 

Mb.  Bunce.     On  piling. 

Mb.  Piebson.    Is  it  delivered  near  the  mouth  of  the  Park  river? 

Mb.  Bunce.  About  a  quarter  of  a  mile  above  the  mouth  of  the 
river.  As  to  the  question  Mr.  McKenzie  asked,  the  flood  times  in 
the  Connecticut  river  are  generally  of  short  duration.  I  find  from 
tables  computed  on  the  Connecticut  river  from  1851  to    1874  as 
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follows :  The  highest  was  29.83,  and  the  lowest  12.25.  The  aver- 
age duration  of  the  highest  floods  from  1871  to  1877  was  seven 
days. 

Mr.  McKenzie.  In  some  territory  of  the  city  is  not  the  sewage 
relieved  by  pumping! 

Mr.  Bunce.  No  sir.  Except  in  one  instance  ordinarily  the 
sewage  delivers  itself  from  this  territory  into  the  river.  In  freshet 
times  we  have  to  close  the  gate  and  pump. 

Mr.  Burt.  Is  it  not  a  fact  that  the  elevation  of  the  stepping- 
stones  is  less  than  22  feet! 

Mr.  Buj^ce.     About  21  feet. 

Mr.  Smith.     Does  not  New  Britain  sewer  into  this  river? 

Mr.  Bunce.     A  part  of  it. 

Mr.  Smith.  Has  any  provision  been  made  for  taking  care  of  the 
sewage  other  than  dumping  it  into  the  Connecticut  river  f 

Mr.  Bunce.    No  sir. 

Mr.  McKenzie.  In  the  event  of  having  to  take  it  out  of  the 
Connecticut  river,  would  it  not  be  better  to  take  care  of  it  at  a 
higher  level!  In  the  event  of  your  taking  all  the  sewage  atone 
point,  would  it  not  be  better  to  carry  the  sewage  farther  down  below 
the  city  rather  than  at  the  mouth  of  the  Park  river! 

Mr.  Bunce.  I  do  not  know  how  we  could  have  built  an  inter- 
ceptor of  much  higher  level  and  intercept  the  sewers  on  this  terri- 
tory. 

Mr.  McKenzie.  You  could  have  divided  it  into  two  sections  of 
10  feet  above  the  interception  and  provided  for  carrying  by  gravity. 

Mr.  Bunce.  I  can  not  say  how  much  consideration  that  matter 
met.     I  was  not  officially  connected  with  that  research. 

Mr.  Loomis.  Was  the  interception  elevated  enough  so  that  they 
could  have  carried  it  higher! 

Mr.  Bunce.  The  flow-line  of  the  sewer  is  practically  low-water 
mark  in  the  Connecticut  river. 

Mr.  Burt.  The  matter  Mr.  McKenzie  refers  to  was  carefully 
considered  in  Mr.  Hering's  report.  The  difficulties  that  came  in  to 
be  surmounted  were  great.  Taking  the  Connecticut  river  practi- 
cally on  a  dead  level  the  difEerence  between  the  main  outlet  and  the 
valley  of  the  Parkl*iver  is  very  small  indeed.  The  extreme  north- 
west corner  of  the  city,  I  think,  is  about  seven   miles   from  the 
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mouth  of  the  river,  and  the .  elevation  is  50  feet.  There  were 
decided  difficulties  in  the  adjustment  of  the  grades  compared  with 
the  proper  level  to  empty  sewage  into  the  CJonnecticut.  Every  vitnl 
point  in  this  matter  has  been  considered  and  will  appear  in  the 
report. 

Mr.  Bunce.     Mr.  Burt  has  kindly  brought  in  a  number  of  copies 
of  the  report,  which  the  members  can  avail  themselves  of. 
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ROUND  HILL  STREET  SEWER  AND  TUNNEL. 

BY  R.  A.  CAIRNS,  C.  E.,  WATERBURY. 


The  necessity  for  the  construction  of  this  tunnel  and  trunk  sewer 
arose  in  the  following  manner :  The  natural  outlet  of  district  E  is 
the  valley  of  Great  Brook.  Along  the  western  edge  of  this  valley 
ran  the  ancient  highway  which  is  now  North  Main  street.  This  old 
highway  was,  of  course,  located  on  ground  more  or  less  elevated 
above  the  bottom  of  the  valley.  When  the  sewer  was  built  in  North 
Main  street  the  valley,  which  above  Farm  street  is  upwards  of  one- 
quarter  of  a  mile  wide,  was  a  flat,  low-lying,  swampy  tract  of  land, 
and  probably  looked  unfit  for  dwellings,  and  unlikely  to  be  built 
up  for  many  years.  The  sewer  in  North  Main  street  was  built 
largely  in  solid  ledge,  and  to  have  placed  it  low  enough  to  drain  the 
flat  land  above  mentioned  would  have  involved  a  very  great  increase 
in  expense.  For  either  or  both  of  these  reasons  the  sewer  grades 
on  that  street  were  arranged  with  reference  only  to  the  street  itself, 
and  too  high  to  drain  the  bottom  lands. 

When  these  lands  had  been  drained,  streets  laid  out  and  many 
buildings  erected,  the  need  of  sewers  became  very  urgent.  As  we 
could  not  get  them  into  North  Main  street  sewer,  it  became  neces- 
sary to  determine  what  should  be  done.  There  appeared  four 
possible  solutions.  Not  to  go  into  details,  the  decision  finally 
favored  the  construction  of  new  sewers  in  Vine  street, Wood,  Round 
Hill  and  other  streets,  lying  on  the  eastern  edge  of  the  valley.  The 
grades  here  were  arranged  with  reference  to  draining  the  level 
lands  above  Farm  street,  and  made  necessary  the  placing  of  the 
sewers  quite  deep.  The  sewer  in  Vine  street  was  laid  in  open  cut. 
the  greatest  depth,  at  the  foot  of  Wood  street,  being  about  22  feet. 
On  Wood  street  and  Bound  Hill  street  the  cut  reached  a  maximum 
of  44  feet,  of  which  34  feet  was  ledge. 
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After  considerable  figuring  I  decided  to  place  about  1,000  feet 
of  this  sewer,  including  so  much  as  was  25  feet  or  more  below  the 
surface  of  the  streets,  in  tunnel,  and  contracts  were  let  on  this 
plan.  I  have  never  seen  statements  as  to  the  economical  boundary 
between  open  cut  and  tunnel.  It  must  vary  considerably  with 
varying  conditions,  but  in  this  case  the  result  proved  that  we 
decided  the  limits  wisely. 

The  contract  was  let  to  Messi's.  Washburn  &  Washburn,  of  New 
York  City.  This  firm  equipped  the  work  in  a  very  intelligent  man- 
ner, using  machinery  of  the  most  approved  pattern.  The  power 
drills  were  driven  with  compressed  air. 

The  first  thing  was  to  sink  a  shaft  at  the  intersection  of  Round 
Hill  and  Ward  streets.  This  was  about  40  feet  deep,  mainly 
through  rock.  From  this  shaft  the  tunnel  headings  were  driven 
each  way.  To  the  north  the  heading  was  straight  and  about  398 
feet  long,  terminating  at  a  shaft  26  feet  deep,  from  which  the 
sewer  was  continued  northerly  in  open  cut.  To  the  south  the  head- 
ing proceeded  in  a  continuation  of  the  north  heading  for  a  distance 
of  327^  feet,  at  which  point  an  angle  of  91®  22'  45"  was  turned  and 
the  heading  continued  westerly  along  the  center  line  of  Wood 
street  271f  feet  to  the  center  of  Vine  street,  where  a  brick  sewer 
manhole  was  already  built. 

The  tunnel  was  entirely  through  rock,  though  of  a  very  variable 
quality.  In  places  it  was  seamy  and  rotten  and  had  to  be  timbered . 
These  places  were  afterward  lined  with  brickwork,  laid  in  Portland 
cement  in  the  proportion  of  one  cement  to  three  sand.  Atlas 
cement  was  used.  This  lining  was  expensive,  and  no  more  of  it 
was  done  than  seemed  really  necessary.  Of  the  997  feet  of  tunnel 
only  132  feet  were  lined  with  brickwork. 

The  water  from  the  north  heading  ran  back  to  a  sump  at  the 
shaft.  In  a  recess  cut  out  of  the  rock  on  one  side  of  the  shaft,  to 
be  out  of  the  way  of  the  elevator  and  cars,  was  placed  a  force  pump 
which  raised  the  water  to  the  surface.  Water  accumulating  in  the 
south  heading,  of  which  there  was  only  a  small  quantity  fortunately, 
was  pumped  back  by  manual  labor  from  one  sump  to  another,  until 
it  reached  the  sump  at  the  shaft. 

The  broken  rock  was  removed  from  the  headings  on  dump  cars. 
These  cars  ran  upon  a  platform  elevator  at  the  shaft,  were  raised 
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to  the  surface,  and  were  run  off  onto  a  track  leading  to  the  dump, 
so  that  the  rock  was  only  handled  once.  The  elevator  was  operated 
by  a  cable  from  an  ordinary  hoisting  engine.  The  central  shaft  was 
8^  feet  wide  by  14i  feet  long.  The  headings  were  designed  to  be 
4  feet  wide  by  6  feet  high,  but  the  contractors  preferred  to  drive 
them  6  by  6,  which  does  not  then  give  any  too  much  room  for  work- 
ing. One  drill  was  operated  in  each  heading,  and  work  was  carried 
on  night  and  day  except  Sunday,  A  beautiful  feature  of  this 
method  of  building  a  sewer  was  the  absence  of  the  usual  obstruc- 
tions in  the  street.  Except  at  the  central  shaft  there  was  nothing 
whatever  to  interfere  with  the  full  and  free  use  of  the  street. 

The  necessary  surveys  in  the  tunnel  were  made  with  the  greatest 
difficulty,  owing  to  the  ase  by  the  miners  of  ordinary  oil  lamps. 
Notwithstanding  the  ventilation  given  by  the  air  driven  drills  the 
smoke  was  habitually  so  thick  as  to  make  it  almost  impossible  to 
use  instruments.  The  contractors  were  so  situated  that  they  could 
not  very  well  stop  work  for  a  day,  to  allow  the  air  to  clear,  and  I 
did  not  care  to  adopt  their  suggestion  and  do  the  work  Sundays. 
The  use  of  electricity  would  have  solved  the  difficulty  beautifully, 
but  the  contractors  declined  to  go  to  that  expense.  Neither  would 
they  furnish  candles,  which  make  much  less  smoke  than  the  oil 
lamps,  so  we  did  the  work  under  these  difficulties,  and  with  our 
ordinary  field  instruments.  Very  often  we  could  not  see  the  brightest 
bulls  eye  lantern  more  than  15  feet,  i.  e.  well  enough  to  fix  a  point. 
j'3[,We  began  by  running  the  center  line  of  the  street  on  the  surface 
and  establishing  a  point  at  either  end  of  the  shaft.  From  these 
points,  11.84  feet  apart  we  plumbed  down,  using  a  large,  heavy 
plumb.  Holes  were  drilled  in  the  rock  at  the  bottom  of  the  shaft, 
wooden  plugs  inserted,  and  then  a  galvanized  iron  nail  put  in  the 
plug.  Having  gotten  that  far,  the  points  on  top  were  again  care- 
fully tested,  and  plumbing  down  with  the  utmost  care  a  center 
punch  mark  was  made  in  the  nail  head.  Fine  wire  was  used  for 
plumb  string.  From  this  12-foot  base  line  the  line  was  extended  in 
both  directions,  marking  points  with  nails  in  plugs  driven  into  holes 
in  the  roof. 

After  the  headings  had  gotten  a  hundred  feet  or  so  away  from  the 
shaft  and  there  was  less  commotion  in  that  immediate  neighborhood, 
this  alignment  was  tested  again  by  dropping  two  plumb  lines,  at  the 
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lower  ends  of  which  were  fastened  heavy  weights  submerged  in 
buckets  of  water.  An  instrument  was  then  set  up  in  one  heading, 
as  far  from  the  shaft  as  it  was  possible  to  see  clearly,  and  adjusted 
until  the  two  fine  wires  appeared  to  be  exactly  in  line.  No  error 
was  found  in  the  line  as  first  determined. 

For  levels  a  bench  was  established  at  one  edge  of  the  shaft,  and 
a  steel  pin  was  set  in  the  ledge  at  the  bottom,  vertically  under  the 
bench  above.  The  difference  between  them  was  measured  with  a 
steel  tape. 

Much  trouble  was  experienced  in  keeping  the  miners  working  to 
line  and  grade,  and  many  plans  were  tried  by  which  they  should  be 
able  to  get  the  approximate  line  and  grade  for  themselves,  since  it 
was  manifestly  impossible  for  the  surveyors  to  set  marks  in  every 
fresh  face.  Indeed,  it  required  a  large  part  of  the  time  of  one 
small  party,  working  under  such  difficulties,  to  get  in  any  reliable 
points  at  all.  Finally  we  hit  upon  this  plan,  and  it  worked  admir- 
ably : 

At  each  transit  point  in  the  roof  a  blumb  was  dropped.  Then  two 
plugs  were  set,  one  in  each  side  wall,  and  in  such  positions  that  a 
string  joining  them  crossed  the  plumb  string  at  a  point  a  certain  fixed 
number  of  feet  above  the  grade  of  the  tunnel  floor.  Then  when  the 
tunnel  boss  wanted  to  locate  a  set  of  holes,  he  only  had  to  put  up  two 
of  these  sets  of  strings,  have  a  light  held  at  one,  go  to  the  rear  one, 
and  sight  in  a  lamp  at  the  face.  At  one  sight  he  obtained  both  line 
and  grade. 

Many  times  the  engineer  in  charge  of  the  tunnel  got  discouraged 
and  declared  that  he  did  not  know  whether  he  was  still  in  the  street 
or  was  out  in  the  lots  somewhere.  Especially  difficult  was  it  to 
locate  exactly  the  angle  point  in  the  south  heading,  and  turn  the 
angle  to  seconds,  with  an  available  back  sight  of  only  15  or  20  feet. 
But  to  his  credit,  be  it  said,  that  when  the  ends  of  the  tunnel  were 
reached  there  was  practically  no  error  whatever  found  in  either  his 
lines  or  grades. 

The  lesson  to  be  learned  from  these  months  of  misery  is  to  pro- 
vide in  the  specifications  for  the  use  of  some  illuminant  that  will  be 
reasonably  free  from  smoke  and  soot. 

Taking  out  the  timbering  and  replacing  it  with  the  brick  lining 
was  a  particular  piece  of  work,  as  at  these  places  the  rock  was  full 
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of  seams  and  the  seams  were  filled  with  a  very  slippery  mud,  allow- 
ing movement  to  take  place  without  friction.  The  lining  was  only 
8  inches  thick.  In  order  to  secure  the  result  aimed  at,  i.  e.,  rigid 
support  of  the  roof,  it  was  necessary  to  prevent  the  beginning  of 
any  movement,  since  if  one  of  these  masses  should  start  it  would 
easily  crush  so  thin  an  arch.  Moreover,  it  was  practically  impossi- 
ble to  pack  the  filling  over  the  arch  tight  enough  to  act  as  a  rigid 
support  to  the  rock.  I  therefore  adopted  the  following  method: 
Going  through  the  parts  of  tunnel,  which,  in  my  opinion,  needed 
support,  I  very  carefully  examined  the  roof  and  marked  the  points 
which,  being  supported,  would  key  up  the  rest.  At  these  points, 
from  4  to  8  feet  apart,  a  buttress  wall  8  inches  thick,  on  each  side 
from  the  bottom  up,  joined  the  side  walls  of  the  lining  solidly  to  the 
ledge,  making  spreading  of  the  arch  impossible.  Then  a  spandrel 
wall  8  inches  thick  was  built  up  over  the  arch  and  buttresses,  and 
carried  up  tight  against  the  rock. 

The  spaces  between  these  spandrel  walls  were  filled  as  well  as 
|)0ssible,  in  order  to  furnish  a  cushion  for  and  shorten  the  drop  of 
any  small  piece  of  stone  which  otherwise  might  knock  a  hole  in  the 
arch. 

The  lining  was  built  of  selected,  hard  burned  sewer  brick,  laid  in 
a  painstalpng  manner,  with  a  mortar  of  Portland  cement  and  sand 
in  the  proportion  of  1  to  3.  Weep  holes  were  left  in  the  side  walls 
at  regular  intervals,  near  the  bottom. 

The  sewer  proper  was  of  vitrified  pipe,  in  3  foot  lengths,  supported 
on  a  bed  or  cradle  of  concrete,  which  came  up  high  enough  to  en- 
circle the  pipe  about  one  fourth  of  its  circumference. 

As  this  sewer  was  built  in  a  street  which  needed  many  house  con- 
nections, it  was  necessary  to  provide  another  sewer  for  this  purpose. 
Consequently  we  laid  an  8-inch  sewer  at  the  ordinary  depth,  and 
connected  it  with  the  manhole  at  the  north  end  of  the  tunnel. 

The  manholes  at  Ward  street,  where  the  main  shaft  was  located, 
and  at  the  north  end  of  the  tunnel,  are  somewhat  elaborate  struc- 
tures. By  descending  them  one  may  enter  into  the  tunnel,  which 
is  passable  its  entire  length. 

One  feature  of  these  manholes  which  may  interest  the  Association 
is  the  manner  in  which  connecting  sewers  discharge  into  the  main 
sewer  at  the  bottom.     It  has  been  customary  in  many  places  to  rui; 
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the  upper  sewer  straight  into  the  manhole,  and  allow  the  sewage  to 
fall  to  the  bottom,  on  a  flag  or  other  hard  substance.  The  objec- 
tion to  this  is  the  difl&culty  experienced  when  it  is  necessary  to  enter 
the  manhole  for  repairs  or  inspection. 

Having  a  number  of  these  connecting  sewers  in  these  manholes, 
I  planned  the  following  method,  by  which  the  manhole  is  kept 
clean  and  in  good  shape  for  entry,  and  at  the  same  time  the  con- 
necting sewers  are  open  to  inspection. 

The  connecting  sewer  runs  straight  into  the  manhole,  and  one 
can  stand  on  the  iron  steps  of  the  manhole  and  look  straight  through 
the  branch  sewer.  A  few  feet  outside  of  the  manhole  a  Y  pipe  is 
set  in  the  sewer,  looking  down.  A  curve  in  this  Y  turns  the  sewage 
into  a  vertical  direction.  It  then  runs  down  to  the  bottom  of  the 
manhole,  and  other  curves  cause  it  to  enter  the  invert  of  the  main 
sewer.  In  building  up  the  manhole  a  projecting  wall  is  carried  up 
the  side  large  enough  to  enclose  the  standpipe,  support  the  Y  at  the 
top,  and  bridge  over  the  filled  ground  between  the  trench  and  the 
manhole  wall.  Where  the  upper  sewer  lies  in  the  same  vertical 
plane  as  the  lower,  and  it  is  not  convenient  to  have  the  discharge 
descend  directly  into  the  lower  sewer,  the  Y  was  turned  sideways 
and  the  pipe  carried  obliquely  downwards  until  it  reached  the  side 
of  the  manhole  90°  from  the  plane  of  the  sewers.  It  then  descended 
and  entered  the  bottom  of  the  manhole  as  above  described. 

In  this  case  three  projecting  walls  are  needed  instead  of  one,  as 
it  would  not  answer,  except  perhaps  in  cases  where  the  sewers 
differed  in  elevation  only  a  few  feet,  to  depend  on  the  pipes  keep- 
ing their  positions  in  filling  which  is  very  certain  to  settle  more  or 
less. 

The  tunnel  complete,  with  the  15-inch  sewer  laid  in  place,  cost 
about  $13.00  per  lineal  foot,  exclusive  of  shafts,  manholes,  lining, 
etc.  Manholes  on  the  15-inch  sewer,  both  in  tunnel  and  in  open 
cut,  cost  $150.00  each. 
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THE  VALUATION  AND  CLASSIFICATION  OF  WATER- 
WORKS PROPERTY  FOR  THE  PURPOSES 
OF  TAXATION. 

BY  T.  H.  MCKENZIE,  C.  E.,  SOUTHINGTON. 


Although  the  valuation  and  classification  of  waterworks  property 
is  not  strictly  speaking  an  engineering  subject,  however,  as  we  have 
no  Connecticut  waterworks  association,  and  as  many  of  our  mem- 
bers are  connected  with  the  operation  of  waterworks,  there  is  no 
other  society  before  which  the  subject  can  be  more  appropriately 
presented,  and  if  the  paper  itself  does  not  contain  valuable  informa- 
tion, the  discussion  may  enlighten  us  regarding  the  practice  of 
assessors  In  various  towns,  and  may  aid  in  securing  legislation  which 
will  more  clearly  define  the  classification  of  property  liable  to  taxa- 
tion. 

The  writer  has  recently  had  occasion  to  investigate  the  matter  of 
taxation  of  a  water  company ^s  property,  which  was  brought  about  in 
this  way : 

The  borough  of  Southington  was  recently  chartered  within  the 
town  of  Southington.  The  expenditures  by  the  borough  for  public 
improvements  necessitated  a  borough  as.  well  as  a  town  tax  The 
property  of  the  water  company  is  located  as  follows :  One  storage 
reservoir  in  the  town  of  Wolcott ;  one  distributing  reservoir  and 
two  and  three-tenths  miles  of  main  pipe  in  the  town  of  Southington, 
but  not  in  the  borough  ;  and  about  twelve  miles  of  distributing 
pipes  in  the  borough. 

For  the  purposes  of  this  paper,  it  is  not  necessary  to  state  the 
amounts  for  which  we  were  taxed,  but  simply  the  fact  that  by  the 
town  assessors,  the  expenditure  in  dams,  and  for  main  pipe  line 
was  classified  as  personal  property.     The  borough  assessors  also 
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classify  it  as  personal  and  assessable  where  the  office  of  the  com- 
pany is  located  within  the  borough. 

We  claim  the  property  in  dams  and  pipe  lines  to  be  real  estate, 
and  that  portion  lying  outside  of  the  borough  not  assessable  within 
the  borough,  and  to  sustain  us  in  this  opinion,  we  have  the  opinions 
of  able  attorneys  and  the  precedents  established  by  practice  in  a 
large  majority  of  cases.  The  law  is,  however,  somewhat  contra- 
dictory on  this  point. 

Section  3827  of  General  Statutes  reads :  **A11  real  estate  shall  be 
set  in  the  list  of  the  town  where  it  is  situated.  *' 

Section  3834  also  specifies  that  the  real  estate  of  a  corporation 
shall  be  set  in  the  list  of  the  town  in  which  it  is  situated,  and  the 
{>ersonal  estate  shall  be  set  in  the  list  of  the  town  in  which  it  has  its 
principal  place  of  business,  or  exercises  its  corporate  powers. 

In  sections  3849  and  3850.  it  is  provided  that  all  property  in 
dams,  reservoirs,  and  canals  for  manufacturing  purposes,  shall  be 
listed  in  the  towns  where  such  power  is  used  and  appropriated,  and 
the  value  of  the  land  for  agricultural  purposes  only,  assessed  in  the 
town  where  the  reservoir  lies. 

This  section,  however,  does  not  apply  to  waterworks  reservoirs. 

The  question  in  our  case  seems  to  hinge  on  what  real  estate  is. 

Real  estate  has  often  been  defined  by  the  courts,  and  it  is  gener- 
ally understood  to  include  all  lands,  and  buildings  erected  thereon 
or  affixed  to  the  same. 

**  Lands  * 'include  all  tenements  and  hereditaments  connected 
therewith,  and  all  rights  thereto,  and  interests  thereon.  According 
to  our  attorneys,  the  question  has  been  decided  by  the  courts  in 
Maine  that  water  pipes  laid  under  a  franchise  are  real  estate.  The 
Rhode  Island  Supreme  Court  has  decided  that  gas  pipe  laid  in  the 
streets  is  real  estate. 

In  Michigan,  the  Supreme  Court  has  decided  that  water  mains 
in  streets  are  real  estate. 

The  Vermont  courts  have  decided  to  the  same  effect. 

The  New  York  courts  have  decided  that  elevated  railroads  and 
subways  are  real  estate. 

Our  Connecticut  Supreme  Court  has  decided  that  rails,  sleepers, 
spikes  and  ties  laid  into  and  attached  to  the  soil,  are  realty. 

The  question  does  not  seem  to  have  come  squarely  before  the 
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courts  in  Connecticut  regarding  water  and  gas  pipes  laid  in  the 
streets  under  a  charter.  The  practice  is,  however,  almost  universal 
to  either  list  pipe  lines  and  appurtenances  as  real  estate,  or  to  place 
it  under  the  head  of  **  all  other  property  liable  to  taxation,  but  not 
specifically  mentioned, ' '  and  in  the  event  of  a  borough  within  a 
town,  to  divide  it  in  the  list  the  same  as  real  estate;  but  as  the 
question  seems  to  be  in  dispute  in  several  places,  and  with  the 
probability  of  tide  water  gas  companies  being  chartered  by  the 
present  General  Assembly  which  will  extend  their  pipe  lines  across 
many  towns  in  the  State  to  reach  the  inland  towns,  the  legislature 
should  settle  the  vexed  question  of  the  character  of  the  property, 
particularly  as  it  would  be  a  manifest  injustice  to  allow  a  pipe  line 
company  to  cross  the  entire  length  of  a  town,  and  tear  up,  and 
occupy  the  streets,  if  all  the  property  was  to  be  assessed  as  personal 
and  the  taxes  paid  to  the  seaboard  towns. 

In  cases  where  waterworks  are  owned  by  municipalities  in  this 
State,  the  entire  works  are  exempt  from  taxation,  with  the  excep- 
tion of  real  estate,  used  for  reservoirs  in  towns  adjoining  the  one  in 
which  the  works  are  located.  The  land  used  for  reservoir  purposes 
is  assessable  only  at  its  market  value  for  farming  purposes.  This 
law  discriminates  unjustly  against  the  water  consumers  in  sftiall 
towns  where  the  works  are  owned  by  private  companies,  and  was 
evidently  enacted  in  the  earlier  days  of  waterworks  before  private 
corporations  were  chai'tered ;  in  our  case  the  taxes  amount  to  about 
7  per  cent,  of  the  income  from  the  works.  This  amount,  of  course, 
must  be  reassessed  on  the  consumer,  while  his  more  favored  city 
brethren  are  entirely  relieved  of  this  tax. 

In  the  event  of  a  State  and  county  tax  being  laid,  this  would 
probably  run  as  high  as  10  per  cent,  of  the  gross  income,  while  the 
ten  or  fifteen  millions  of  dollars  invested  by  municipalities  in  water- 
works would  be  entirely  exempt. 

As  the  matter  of  the  reassessment  of  property  throughout  the 
State  on  a  uniform  basis  of  valuation  is  to  be  considered  at  the  pres- 
ent session  of  the  General  Assembly,  it  will  be  an  opportune  time 
to  incorporate  in  the  amendments  a  proper  interpretation  of  exist- 
ing laws,  and  define  more  definitely  the  classification  of  property, 
thereby  avoiding  the  necessity  of  expensive  litigation. 

In  this  connection,  the  work  of  the  State  Labor  Commission  dur- 
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ing  the  past  two  years  in  gathering  and  compiling  statistics  regarding 
valuations  of  property  for  purposes  of  taxation,  and  the  graphic 
manner  in  which  they  have  shown  the  results  of  their  labors  is 
g^reatly  to  be  commended.  Their  report  refers  more  particularly  to 
the  proportions  of  assessment  and  valuation,  than  to  the  classifica- 
tion or  exemption  of  property. 
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THE  PAVING  QUESTION. 

BY  S.  C.  PIERSON,  MERIDEN,  CONN. 


Speaking  generally,  the  importance  of  good  roads  can  hardly  be 
overestimated.  It  seems  a  travesty  on  the  boasted  civilization  of 
these  modern  times,  that  rough  stones,  mud  and  filth  should,  so  to 
speak,  still  reign  supreme  on  our  public  highways. 

Good  roads  mean  vast  sanitary  improvement  in  our  cities,  ease  of 
traction  with  its  consequent  large  saving  to  horses,  harnesses  and 
vehicles  of  every  sort ;  safety,  convenience  and  comfort  of  travel  and 
one  of  the  practicable  realizations  of  what  it  is  to  be  as  a  community 
truly  respectable. 

VARIOUS  ROAD  BUILDING  SYSTEMS. 

This  fact  has  at  last  dawned  upon  our  State  of  Connecticut,  and 
it  is  one  of  the  white  stone  days  in  the  history  of  our  commonwealth, 
that  permanent  Telford  and  Macadam  roads  are  under  the  new 
State  law,  beginning  to  take  the  place  of  the  old  mud  tracks  which 
connect  our  towns  and  cities.  By  this  token,  the  earth  roads  in  our 
city,  almost  every  one  of  which  is  more  traveled  than  the  country 
roads  of  which  we  speak,  should  be  in  like  manner  improved,  as 
soon  as  may  be  and  in  the  order  of  their  importance.  Telford  pave- 
ment, briefly  described,  is  built  as  follows  : 

Roadway  to  be  excavated  to  about  12  inches  below  grade,  sloped 
from  the  center  toward  the  sides  parallel  to  proposed  surface  grade 
(about  a  half -inch  fall  to  the  foot  for  city  streets  and  one-inch  for 
town  roads),  subgrade  surface  rolled  hard  and  true  to  grade  and 
line,  then  hard  field  stones  or  soi^od  trap,  or  other  quarry  blocks 
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eight  inches  deep  set  in  workmanlike  manner  in  courses  across  the 
street,  broad  edge  down,  with  all  the  interstices  below  and  above 
chinked  full  with  hard  small  stone  and  rammed  solid,  then  rolled 
with  steam  roller  again  and  again  to  ensure  perfect  solidity  and  sur- 
face, then  four  inches  or  more  of  crushed  trap  rock  free  of  dust, 
size  called  one  and  a  half  inch,  laid  on,  true  to  grade,  and  rolled 
witk  steam  roller  a  sufficient  number  of  times  to  compact  the  same 
into  a  firm  and  true  body  (the  frequent  passage  of  the  heavy  roller 
breaking  fine  particles  from  the  crushed  stone  sufficient  to  bind  the 
mass),  the  surface  wet  with  sprinkling  cart,  then  once  more  rolled, 
and  finally  a  layer  of  half -inch  screenings  spread  an  inch  deep  over 
the  whole  raked  true  to  grade  and  surface,  then  wet  once  more  with 
sprinkling  cart  and  subjected  to  the  rolling  process  until  the  same 
is  perfect. 

The  cost  of  this  pavement  is  about  90  cents  a  square  yard,  which 
would  make  $2.20  the  cost  per  running  foot  between  gutters  in 
streets  30  feet  wide  from  curb  to  curb.  A  Macadam  pavement  is 
similar  to  this  in  its  treatment  of  crushed  stone,  except  that  there 
should  be  two  layers  of  the  same,  each  about  three  inches  deep 
when  rolled,  besides  the  finishing  course.  The  ground  underneath 
is  prepared  in  the  same  manner  as  for  the  Telford  work,  though  at 
a  less  depth  from  the  finished  grade,  and  no  large  stone  underlie  the 
crushed  stone.  The  cost  of  thus  building  a  road  is  about  50  cents 
a  surface  yard. 

WHERE  MACADAM  IS  SUBSTITUTED. 

The  latter  practice  might  be  followed  to  much  advantage  in  some 
streets  even  in  this  city  where  we  have  clay  soil  and  not  sand,  espec- 
ially if  the  bed  beneath  is  solid ;  and  even  comparatively  thin  layers 
of  trap  rock  screenings  laid  on  at  small  cost  in  lieu  of  gravel  (the 
quality  of  which  is  poor  in  this  vicinity)  rolled  and  rerolled  with  our 
steam  roller,  would  greatly  improve  our  earth  streets. 

Our  roads  already  metaled  with  crushed  stone  should  be  con- 
stantly followed  up,  the  loose  stones  removed,  the  small  holes  and 
ruts  tilled,  on  the  principle  of  the  **stitoh  in  time,''  the  general  sur- 
face where  any  way  rough,  lightly  picked  and  redressed  with 
screened  screenings,  somewhat  frequently,  and  our  valuable  steam 
roller  never  allowed  to  rest.     If  this  plan  were  faithfully  pursued, 
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we  should  have  at  no  great  additional  cost  the  finest  metal  roads. 
Such  driveways  are  suitable  for  the  residential  streets  of  a  suburban 
city  like  Meriden,  but  commercial  streets  where  of  necessity  the 
trucking,  teaming  and  other  travel  by  vehicles  is  heavy  and  soon 
grinds  the  surface  of  such  metal  roads  to  powder  and  mud ;  and 
where  many  people  congregate  and  there  is  constant  need  to  cross 
from  one  side  to  the  other,  a  roadway  of  a  different  character  #)e- 
comes  more  than  advisable.  And  this  brings  us  to  the  main  object  of 
the  present  inquiry,  namely,  what,  all  things  considered,  is  the  best 
pavement  to  be  adopted  for  the  principal  business  thoroughfares  of 
our  city  ?  It  goes  without  saying  that,  this  question  once  settled  in 
the  minds  of  the  thinking  public  and  those  in  authority,  reason  and 
common  sense  indicate  the  uniform  practice  of  the  plan. 

WOOD  BLOCK  AND  OTHER  MATERIAL. 

Experiments  have  been  tried  with  combinations  of  cement  and 
stone  and  various  other  substances  but  these  are  things  of  the  past. 

Wooden  blocks,  much  in  favor  in  the  sixties  and  seventies  and 
still  in  some  cities  of  Europe  being  laid  at  fancy  prices  as  an  article 
of  luxury,  cobble  paving  and  Belgian  or  trap  rock  dimension  blocks 
have  for  the  most  part  had  their  day.  The  last  mentioned,  by  rea- 
son of  the  brittle  nature  of  the  stone,  causing,  under  heavy  travel, 
complete  disintegration  of  the  edges,  have  been  relegated  to  the 
rather  ignoble  family  of  cobbles. 

The  old  cobble  paving  in  New  York  and  other  cities  is  being 
gradually  covered  with  Trinidad  pitch  lake  sheet  asphalt,  which  is 
the  very  best  use  to  make  of  cobble  paving. 

Dismissing  all  experiments  and  pavements  that  were  well  enough 
in  their  time,  but  are  no  longer  worthy  of  consideration,  we  shall 
confine  ourselves  to  the  three  methods  of  paving  which  in  greater 
or  less  degree  stand  approved  as  the  best.  These  are  granite  blocks, 
vitrified  brick  and  asphalt  (sheet  and  block) . 

To  afford  an  idea  as  to  the  amount  of  paving  with  the  above 
materials  in  the  eastern  part  of  this  country,  the  writer  presents  the 
following  table  from  the  report  of  the  Baltimore  street  paving  com- 
mission May  21,  1894: 
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Grauite. 


Sheet 
Asphalt. 


Block 
Asphalt. 


Brick. 


New  York... 
Philadelphia 
Baltimore . . . 

Buffalo 

Boston  . .  . . 
WaAington 

Total     .    . 


5.764.156 

2,222,122 

453,884 


764,353 
778.125 
164.017 
2.759,008 
1,677,4511      87.226 
562.116i2.122. 443 


10.679.7296.675.172 


189.000:672.000 

181,743     8,572 

53,328 

13.586!    3,638 


279,894 


664,223 


3.921 
741,459 


*  *  In  connection  with  the  accompanying  table  which  appears  in  the 
report  of  the  board  of  street  commissioners  and  joint  special  com- 
mittee of  aldermen  and  councilmen,  sent  out  by  the  city  of  Hart- 
ford in  that  year,  *  *  to  investigate  the  merits  of  the  various  methods 
of  paving  streets/*  the  following  statements  are  made,  which  are 
so  appropriate  to  the  present  inquiry  that  no  hesitation  is  felt  in 
quoting  them,  quite  in  extenso,  together  with  the  conclusions  to 
which  they  arrived,  after  full  investigation.  Verbatim:  **Mo8t  of 
the  granite  in  these  cities  was  laid  previous  to  1888.  All  the  sheet 
asphalt  paving  in  New  York  has  been  laid  since  the  year  1887. 

SHEET  ASPHALT  IN  PHILADELPHIA. 

**A11  the  sheet  asphalt  in  Philadelphia,  with  the  exception  of  about 
100,000  square  yards,  has  been  laid  since  1887.  Mayor  Stuart 
made  the  statement  that  of  all  the  pavements  the  sheet  asphalt  was 
growing  most  rapidly  in  favor,  many  streets  of  this  city  originally 
prepared  for  granite  block  paving  now  being  paved  with  asphalt. 
Bids  have,  within  a  month,  been  ^ked  by  the  Philadelphia  authori- 
ties for  laying  about  300,000  square  yards  of  asphalt,  which,  when 
complete,  will  give  the  city  about  a  millon  square  yards  of  that 
paving. 

BALTIMORE. 

**  Baltimore  began  to  use  asphalt  blocks  about  thirteen  years  ago. 
Some  of  the  finest  streets  of  the  city  were  paved  with  them  at  that 
time  and  are  now  generally  in  excellent  condition,  though  the  blocks 
were  not  laid  on  a  concrete  foundation,  the  soil  being  sandy  and  the 
winters  less  severe  than  in  this  latitude.  The  city  engineer  made 
the  remark  that  since  Eutaw  Place  was  paved,  thirteen  years  ago. 
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with  asphalt  blocks  to  the  extent  of  27,000  square  yards,  only  $600 
had  been  expended  in  repairs  up  to  last  year.  This  is  the  finest 
residence  street  in  the  city,  and  a  much  traveled  thoroughfare, 
leading  to  Druid  Hill  park.  Of  late  both  sheet  and  block  asphalt 
have  been  laid  extensively  on  residence  streets. 

BUFFALO. 

**In  Buffalo  where  paving  is  laid  on  petition  of  property  owners, 
the  general  sentiment  of  the  people,  as  expressed  in  their  petitions, 
is  strongly  in  favor  of  sheet  asphalt,  and  as  a  result  the  city  has  160 
miles  of  paving  of  that  variety,  all  laid  within  the  last  twelve  years, 
and  over  half  of  it  within  the  last  four  years. 

WASHINGTON. 

** After  many  experiments  by  the  authorities  of  the  District  of 
Columbia,  the  standard  pavements,  adopted  in  1878,  were  Trinidad 
sheet  asphalt  upon  a  six-inch  concrete  base,  and  granite  blocks  with 
graveled  and  tarred  joints  upon  a  gravel  base.  As  is  well  known 
to  all  visitors  to  Washington,  sheet  asphalt  is  the  predominating 
pavement  of  that  city,  granite  blocks  never  being  used  where 
asphalt  is  practicable.  Asphalt  blocks  were  introduced  at  a  later 
date  and  laid  as  an  experiment,  of  which  Maryland  avenue  is  a  con- 
spicuous example.     They  give  good  satisfaction. 

BOSTON. 
**  Boston  has  used  granite  blocks  for  a  long  time.     Asphalt  pave- 
ments are  of  recent  introduction  there,  about  two- thirds  having 
been  laid  during  the  year  ending  January  1,  1892. 

**In  all  the  cities  of  the  United  States  about  10,000,000  square 
yards  of  sheet  asphalt  have  been  laid  during  the  past  fifteen  years, 
and  the  popularity  of  this  kind  of  paving  seems  to  be  constantly 
growing. 

HARTFORD  COMMITTEE'S  REPORT. 

**  Your  committee  find  that  in  many  cities,  especially  in  New  York, 
granite  block  pavement  is  being  resurfaced  by  sheet  asphalt,  even 
on  some  streets  more  heavily  traveled  than  any  street  in  Hartford, 
with  perhaps  two  or  three  exceptions,  being  resurfaced  principally 
on  account  of  noise  and  for  sanitary  reasons.     It  is  claimed  that 
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sheet  asphalt,  when  properly  laid,  has  never  been  replaced  by  any 
other  kind  of  pavement.  The  block  asphalt  paving  seems  to  have 
given  good  satisfaction  wherever  good  blocks  have  been  used  and 
have  been  properly  laid.  The  evident  mistake  has  been  in  some 
instances  of  laying  them  in  sand  or  gravel  in  streets  too  heavily 
traveled.  With  a  good  foundation  there  is  no  reason  to  doubt 
the  durability  of  these  blocks.  *'  The  conclusions  of  the  Hartford 
commission  are  as  follows : 

''I.  That  sheet  asphalt,  asphalt  blocks  and  granite  blocks  are  the 
three  styles  of  pavements  now  being  most  extensively  laid. 

"II.  That  for  the  principal  streets  of  Hartford  asphalt,  either  in 
sheet  form  or  block,  should  be  used,  except  in  cases  where  granite 
blocks  may  be  considered  necessary. 

**UI.  That  all  improved  pavement,  whether  asphalt,  asphalt 
blocks  or  granite  blocks,  should  be  laid  upon  a  concrete  base  of  at 
least  six  inches.     All  curbs  should  be  set  on  a  solid  base. 

**  IV.  That  all  underground  work,  and  sewer,  gas  and  water  pipe 
connections,  be  laid  or  thoroughly  repaired  or  renewed  in  streets 
before  they  are  paved. 

**  V.  That  efforts  be  made  to  modify  the  present  law  requiring  a 
petition  signed  by  two-thirds  of  the  abutting  property  owners  on 
streets  not  paved  by  the  city,  so  that  a  petition  of  a  majority  only 
shall  be  required  to  give  the  common  council  authority  to  assess.'* 

CONCLUSION  PROM  HARTFORD. 

Under  and  in  support  of  the  second  conclusion,  that  naming  as- 
phalt as  their  choice,  the  commission  consider  the  merits  of  granite 
and  asphalt  as  regards  the  following  features  :  Durability,  appear- 
ance, sanitary  effects,  convenience  for  travel,  convenience  for 
repair,  first  cost,  and  cost  of  repair.  As  briefly  as  may  be,  the  sub- 
stance of  their  findings  under  each  head  is  as  follows : 

DURABIUTY. 

In  all  their  personal  inspection  of  asphalt  streets  they  saw  only 
two  or  three  sections  of  streets  where  the  asphalt  showed  any  signs 
of  disintegration  or  wearing  out,  and  such  places  were  confined  to 
small  holes  in  pavements  laid  several  years,  and  admitted  to  have 
been  laid  of  poor  material.     Contiguous  portions  of  the  best  variety 
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of  material,  and  laid  nearly  as  long,  were  in  perfect  condition, 
though  subjected  to  constant  travel,  much  of  it  being  very  heavy. 

Sheet  asphalt  has  successfully  endured  for  eight  or  nine  years 
around  the  public  buildings  of  Philadelphia  under  travel  heavier  than 
that  to  which  any  street  in  Hartford  is  subjected.  Sheet  asphalt  is 
being  extensively  used  as  a  sanitary  measure  in  the  streets  in  Phila- 
delphia and  New  York  called  **the  slums,"  which  are  subjected  to 
heavy  travel. 

**  After  a  careful  consideration  of  this  feature  of  the  question,  the 
committee  is  of  the  opinion  that  either  sheet  asphalt  or  asphalt 
blocks,  properly  laid,  would  be  for  any  street  in  Hartford,  if  not  of 
too  steep  a  grade,  more  desirable  than  granite  blocks  or  any  other 
kind  of  paving. 

*  *  This  opinion  is  generally  held  in  those  cities  which  have  had  the 
most  experience  with  these  kinds  of  paving." 

APPEARANCE. 

^  *  There  is  no  question  that  asphalt  pavements  excel  all  others  in 
appearance.  This  is  one  of  the  facts  contributing  to  their  popu- 
larity." **A11  asphalt  pavements  are  easily  kept  clean  at  a  slight 
expense,  and  are  never  muddy." 

SANITARY  EFFECTS. 

Closely  connected  with  the  superior  appearance  of  asphalt  streets 
are  the  undoubted  advantages  they  ofiFer  from  a  sanitary  point  of 
view.  Neither  water  nor  filth  can  work  into  asphalt  pavements, 
which  on  account  of  their  smoothness  can  be  kept  clean  at  little  ex- 
pense. It  is  an  acknowledged  fact  in  sanitation  that  there  is  grave 
danger  in  filthy  streets,  and  any  pavement  permitting  filth  to  settle 
into  and  remain  in  crevices,  no  matter  how  thoroughly  or  frequently 
swept,  is  calculated  to  promote  contagious  diseases,  and  when  dry 
the  shifting  dust  is  liable  to  carry  through  the  air  injurious  germs. 
Within  two  years  Philadelphia  has  spent  $400,000  in  paving  with 
sheet  asphalt  the  streets  of  its  poorer  tenement  district,  and  New 
York  has  taken  up  the  same  work  for  sanitary  reasons  alone." 

COm^  ENIENCE  FOR  TRAVEL. 
**In  this  we  also  find  another  reason  for  the  growing  popularity 
of  asphalt  pavements.     Perfectly  smooth  and  free  from  mud  and 


AND  SURVEYORS  ASSOCIATION.  6l 

stones y  the  force  of  traction  can  in  reasonably  level  streets  be  re- 
duced to  one-third  as  compared  with  our  present  streets  or  with 
rough  stone  pavements.  Such  smooth  pavements  lessen  the  wear 
upon  vehicles,  and  add  to  the  comfort  of  every  person,  either  in  a 
wagon  or  on  a  bicycle.  Travel  on  them  is  practically  noiseless. '^ 
Concerning  alleged  slipperiness,  the  committee  found  little  to  war- 
rant the  charge,  though  special  inquiries  were  made  on  the  point. 
Cities  which  have  laid  sheet  asphalt  most  extensively,  agree  in  re- 
porting no  trouble  caused  from  horses  slipping.  **The  SiciUan,  or 
rock  asphalt,  used  in  Europe,  when  wet,  is  more  slippery  on  account 
of  its  hardness.  The  Trinidad  asphalt  now  used  in  the  best  asphalt 
pavements  in  this  country,  being  softer  and  at  the  same  time 
tougher,  removes  this  difl&culty.  The  gritty  surface  also  of  the 
Trinidad  lake  asphalt,  due  to  a  combination  of  sand  and  bitumen, 
is  incapable  of  taking  a  polish.  Such  driving  streets  as  the  Boule- 
vard in  New  York  have  been  paved  with  sheet  asphalt,  and  are  re- 
ported to  be  a  delight  to  all  horsemen,  as  well  as  riders  for  pleasure. 
Draft  horses  suffer  no  inconvenience  because  of  the  ease  with  which 
loads  are  moved  on  so  smooth  a  pavement.'^ 

CONVENIENCE  IN  REPAIR. 

If  all  underground  work  is  put  in  good  order  before  paving,  the 
repairs  will  be  no  great  matter.  Some  tearing  up  will  doubtless  be 
unavoidable,  despite  the  precaution.  In  such  repairs  the  asphalt 
blocks  possess  a  certain  superiority  over  sheet  asphalt.  Blocks  can 
be  taken  out  and  replaced,  if  not  broken ;  whereas  sheet  asphalt  re- 
quires new  material  to  replace  it  and  is  therefore  more  expensive. 
Baltimore  has  had  long  experience  with  block  asphalt,  but  now  gives 
it  no  preference  over  sheet  asphalt.  Philadelphia  though  having 
considerable  block  asphalt  has  adopted  sheet  asphalt  for  future  pave- 
ment of  her  streets. 

FIRST  COST. 

Prices  vary  in  difiFerent  cities  according  to  the  degree  of  com- 
petition allowed,  and  further  because  of  differences  in  requirements, 
in  location  of  streets,  in  soil,  in  freight  rates,  in  the  cost  of  labor,  etc. 
In  New  York,  granite  blocks  upon  a  concrete  base  average  $3.80 
per  square  yard,  the  contractor  keeping  it  in  repair  for  six  months. 
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The  cost  of  sheet  asphalt  in  New  York  with  a  fifteen  years'  guar- 
antee is  said  to  average  $3.80  per  square  yard.  The  cost  of  the  five 
year  guaranteed  asphalt  pavements  is  from  $3.08  to  $3.19  per  square 
yard.  The  asphalt  pavements  in  New  York  appear  to  be  well  laid, 
and  the  records  show  that  out  of  sixty  streets  thus  paved  in  1889 
and  1890,  fifty-six  have  required  no  repairs,  and  four  only  a  few 
minor  ones  to  keep  them  in  excellent  condition. 

In  Philadelphia  the  granite  block  pavements  upon  six-inch  con- 
crete are  laid  substantially  as  in  New  York,  the  price  varying  from 
$5.85  to  $4  per  square  yard ;  sheet  asphalt  upon  a  six-inch  concrete 
base  has  varied  from  $2.60  to  $2.95. 

In  Boston  the  cost  of  granite  block  pavements  in  concrete  is  re- 
ported at  $4.56  to  $4.66  per  square  yard.  The  city  furnishes  the 
blocks  and  issues  them  to  the  contractor.  The  sheet  asphalt  in 
Boston  on  a  concrete  base  cost  $3.08^  per  square  yard  with  a  five 
years'  guarantee. 

The  cost  in  Baltimore  does  not  vary  much  from  that  in  Philadel- 
phia. Sheet  asphalt  paving  in  Buffalo  is  unifonnly  about  $3  per 
square  yard,  including  the  setting  of  the  curb. 

In  Washington  the  cost  has  been  reduced  to  $2.25  per  square 
yard,  upon  a  concrete  base  varying  from  four  to  six  inches.  Granite 
block  pavements  average  $3  there  upon  four  inches  of  concrete. 

The  cost  of  asphalt  block  pavements  upon  a  six-inch  concrete  base 
is  generally  the  same  as  for  sheet  asphalt.  The  Hartford  committee 
gives  it  as  their  opinion  in  the  light  of  all  information  that  the  aver- 
age cost  of  asphalt  paving  is  about  $3  per  square  yard,  with  a  five 
year  guarantee  for  the  sheet  asphalt,  and  of  granite  block  paving 
$4.25  per  square  yard. 

GoMPABATiYB  GosT  OF  Tbinidad  Lakb  Abphalt  Patxicvnts.  Imoludino  Orai>iko. 
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2.70 
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SquareYard. 


$2.65 
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$3.00 
265 


1.73 


Upon  Old  Cob- 
ble Ba.<*e, 
Square  Yard. 


$2.25 
1.76  to  $2 


1.75 


Period  of 

Guarantee 

Repairs. 


6  years. 
5  years. 
5  years. 
5  years. 
2  years. 
5  years. 
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Fifteen-year  guarantee  in  New  York  increases  the  cost  firom  70  cents  to  t^JOO  per  square 
jard  ;  average  about  $1.30.  In  Philadelphia  and  Baltimore  the  cobble  and  nibble  upon  streets 
bein^  repared  becomes  the  property  of  the  contractor,  and  is  ordinarily  used  for  the  concrete 
ba«e.  In  Washington  this  material  is  reserved  by  the  city,  and  hauled  to  the  city  property  yard 
by  the  contractor  at  13  cents  per  square  yard.  Grading  on  all  streets  to  a  depth  of  one  foot  is  as- 
sumed. 


Cost  pbb  Squabb  Yabd  of  Stone  Blook  PAYSicBifT  Ingludino  Gbadimo. 
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IP 
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Base.  Pitched  Joints. 
Medina  Stone,  Con- 
crete Base,  Pitched 
Joints. 
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III 
11 
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New  York  . . 

$3.65 

$2^0 
2.76 
3.06 

'$3!60 

6  moDths. 

Philadelphia  . 

Boston 

Buffalo     . . . 

3  &  5  years. 
6  months. 
5  years. 
None. 

$3.02  to  $3.27 

Baltimore  .... 

2.75 

Wa8bing:ton  . . 

3.80 

'3.60 

314 

5  years. 

GoMPABATtYB  GOST  OF   AsPHALT  BlOOK  AND   BbIOK  PaYBMBNTS,    ImCLUOINO 
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Philadelphia 
Boston  . .   .. 

Bnffalo 

Baltimore  . . . 
Washington. 
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o  ^ 
M  S 

^Ss 

81 

•So-S 

a-^ 

11^ 

U 

a) 

< 

$2. 86* 

n 

*2.60* 

$2.70 

2.20*' 

2.40 

3  &  6  years. 
6  mouths. 
6  years. 
2  years. 
6  years. 


*  The  sbreet  is  ordinarily  graded  to  a  depth  of  about  seven  inches,  so  as  to  allow  a  cushion  of 
sand  about  two  inches  thick  under  the  blocks.  Old  material,  such  as  cobble  or  rubble,  becomes 
the  property  of  the  contractor. 

*  *  The  grading  is  to  a  depth  of  twelve  inches  The  pavement  is  laid  upon  a  bed  consisting 
of  five  inches  of  rolled  bank  gravel  and  two  inches  of  sand.  All  cobble  is  hauled  to  the  district 
yard  by  the  contractor,  and  fifteen  cents  a  square  yard  is  paid  for  the  haul. 
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Granite  and  trap 

Cobble  and  rabble 

Sheet  asphalt  or  tar 

Asphalt  block 

Vitrified  brick 

55.8 

"  il 

0.4 
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7.7 
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4.5 

1.4 
1.5 

ft  1 

Macadam  

Medina  sand  stone       

9.2 

13.2 ? 

? 

Total  

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Finally,  cost  of  repair — **  Sheet  asphalt  pavements  are  usually  laid 
with  a  guarantee  to  keep  them  in  repair  from  five  to  fifteen  years. 
In  New  York  where  a  fifteen  year  guarantee  is  required,  the  con- 
tractor must  make  all  repairs  within  forty-eight  hours  after  notifica- 
tion, and  to  insure  compliance  with  these  conditions  the  contractor 
receives  upon  completion  of  his  work  only  70  per  cent,  of  the  amount 
due  him,  the  balance  being  paid  in  annual  installments  of  3  per  cent, 
a  year,  beginning  at  the  end  of  the  sixth  year. 

In  Philadelphia,  repairs  cost  for  sheet  asphalt  $3.80  to  $3.95  per 
square  yard  if  base  is  removed,  and  $2.00  per  square  yard  if  the  base 
is  not  removed;  for  granite  blocks  about  $2.43;  asphalt  blocks, 
about  $2.00  to  $2.10.  In  Boston,  repairs  for  asphalt  pavements  are 
made  by  contract  at  $2.25  per  square  yard  for  renewing  the  surface. 
In  Buffalo,  the  renewal  of  surface  of  asphalt  is  $1.54,  and  of  surface 
and  base  $2.39  per  square  yard. 

Cuts  in  the  streets  of  Washington  are  charged  against  the  plumber 
at  these  rates  :  In  asphalt  street  pavements,  $3.00  ;  in  asphalt  block, 
$1.35  ;  in  granite  block,  $1.35.  The  committee  further  state  that 
in  a  short  time  the  evidences  of  repair  in  the  sheet  asphalt  disappear. 

The  writer  has  thus  presented  you  at  length  with  the  substance 
of  the  Hartford  committee's  report,  because  of  their  high  standing, 
the  care  and  accuracy  bestowed  in  the  result  of  their  personal  inves- 
tigation of  the  subject  as  shown  in  the  report,  the  value  of  their  col- 
lection of  statistics  and  of  their  fin^l  conclusions.     One  of  the  seals 
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to  their  ministry  is  that  orders  have  been  issued  by  the  common 
council  to  pave  Main  street  from  Morgan  street,  to  Arch  street,  with 
Trinidad  pitch  lake  sheet  asphalt  on  a  6-inch  concrete  foundation. 
The  contract  amounts  to  20,000  square  yards  and  is  to  be  executed 
this  year. 

Under  your  favor,  we  will  now  put  together  certain  material  facts 
pertaining  to  the  several  pavements  under  consideration,  and  seek 
by  further  comparison  of  their  merits  and  disadvantages,  a  reason- 
able solution  of  the  inquiry,  as  above  stated. 

GRANITE  BLOCK   PAVEMENTS. 

For  this  and  all  other  improved  pavements,  the  best  practice  in 
this  latitude  requires  a  foundation  of  6-inch  concrete,  properly 
mixed  and  applied  on  the  suitably  prepared  bed  of  the  roadway. 
The  concrete  should  be  one  part  fresh  Rosendale  cement,  two  parts 
clean  sharp  sand,  and  four  parts  crushed  trap  rock  size  called  one 
and  one-half  inches,  or  one  part  Portland  cement,  three  parts  sand 
and  seven  parts  stone. 

On  the  concrete  is  spread  a  layer  2  inches  deep  of  clean  sharp 
sand,  free  from  pebbles,  exceeding  a  quarter  of  an  inch  in  diameter. 
This  is  called  the  bedding  sand.  The  blocks  must  be  good  durable 
granite,  from  8  to  12  inches  long,  3^  to  4J  inches  wide,  and  from  7 
to  8  inches  deep.  Each  course  of  blocks  should  be  of  the  same 
width  and  depth,  set  firmly  in  the  bedding  sand,  at  right  angles  to 
the  curbs  (except  at  junctions  with  other  streets)  with  end  joints 
closed  while  the  joints  between  the  courses  must  not  exceed  f  of  an 
inch  J  courses  break  joint. 

After  setting,  the  surface  is  covered  with  hot,  dry,  clean,  screaned 
pebbles,  size  from  i  to  J  inch,  which  are  then  swept  into  the  joints, 
filling  them  as  near  as  may  be.  The  interstices  are  then  treated 
with  hot  mastic  composed  of  twenty  parts  refined  Trinidad  pitch  lake 
asphalt,  three  parts  residium  oil,  and  one  hundred  parts  coal  tar 
residium.  Loose  gravel  is  then  spread  over  and  the  whole  lightly 
hammered  to  consolidate  and  true  the  same  to  surface. 

Substantially  such  paving  cost  in  New  York  $3.80  with  a  guar- 
antee on  the  part  of  the  contractor  to  keep  the  same  in  repair  six 
months ;  in  Boston  the  price  paid  is  as  high  a.s  $4.66,  the  price  in- 
cluding the  setting  of  curbs.      Veiy  much  is  to  be  said  in  favor  of 
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such  paving  ;  it  has  been  until  quite  recent  years  the  standard  pave- 
ment for  streets  in  our  cities  that  are  subjected  to  the  heavy  team- 
ing and  travel.  It  is  firm  and  solid,  and  the  life  of  such  pavement 
as  to  the  wearing  qualities  of  the  stone  is  known  and  appreciated  of 
all  men.  Failures  of  this  pavement  as  to  unevenness  of  surface, 
where  such  has  occurred,  may  always  be  traced  to  poor  foundation 
or  the  fact  that  7-inch  stones  are  set  next  in  line  to  stones  that  are 
8  inches  deep.  In  the  latter  case  the  deeper  stone  found  its  final 
bed  before  its  shorter  neighbor  reached  home.  To  obviate  such 
failures,  the  best  practice  in  England  is  to  require  that  all  the  paving 
blocks  shall  be  of  like  depth  within  a  quarter  of  an  inch.  This  uni- 
formity of  size  the  quarry  men  in  this  country,  if  we  may  indulge  in 
the  expression,  so  ^  ^  kick  against,"  that  the  cost  of  such  paving  would 
go  beyond  reason ,  Touching  the  question  of  the  durability  of  granite 
paving,  it  may  be  said  of  course  to  depend  on  the  quality  of  its  first 
construction  and  the  amount  of  travel  over  it.  No  contractor  can 
be  found  to  guarantee  it  for  any  long  term  of  years  as  is  the  case 
with  asphalt,  simply  because  there  is  a  certain  deterioration  from 
the  day  it  is  put  under  travel. 

With  all  its  merits  and  the  deference  that  is  due  on  the  score  of 
its  being  the  bridge  that  has  carried  us  over,  we  cannot  escape  the 
belief  that  it  is  doomed  to  a  nearby  extinction.  As  some  have  ex- 
pressed it,  **the  stone  age  is  past."  **  Stone  has  got  to  go."  It 
is  arraigned  at  the  bar  of  public  opinion  on  the  charge  of  being  out- 
rageously noisy  and  filthy ;  the  charge  is  proved  and  sentence  pro- 
nounced. Granite  block  will,  however,  in  the  best  practice  be  used 
in  grades  above  4  feet  in  the  100. 

BRICK   PAVEMENT. 

Vitrified  brick  pavement  is  a  comparatively  new  claimant  for 
public  favor  and  it  has  already  won  for  itself  many  firm  friends  and 
advocates.  To  be  sure,  it  is  hardly  spoken  of  in  the  report  of  the 
Hartford  commission  of  1894  and  is  not  alluded  to  in  the  now  cele- 
brated report  of  1895  by  Edward  P.  North,  the  accomplished  civil 
engineer,  to  whose  intelligent  care  is  committed  the  most  important 
matter  of  improved  paving  for  New  York  city — still  it  is  attracting 
considerable  attention  and  certainly  has  inherent  merits.  In  its 
construction  the  6 -inch  concrete  foundation  hereinbefore  described, 
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and  the  2-inch  bedding  sand  are  requisite.  Then  the  bricks  are 
properly  bedded ^  in  courses  at  right  angles  with  the  curb,  except  at 
street  junctions,  breaking  joints,  and  with  joints  perhaps  limited  to 
a  quarter  inch,  hot,  dry,  sharp  sand  is  swept  into  the  joints,  or  more 
properly  Portland  cement  is  used  to  fill  the  joints. 

The  bricks  are  made  in  many  places  in  the  country  where  the 
nature  of  the  clay  admits  of  vitrification.  Perhaps  the  best  come 
from  Syracuse.  They  are  hard  and  strong  and  by  virtue  of  the  pro- 
cess which  gives  them  name,  impervious  to  moisture.  Pratt  street 
in  Hartford  was  paved  with  vitrified  brick,  say  three  years  since 
and  has,  considering  the  poor  foundation,  worn  quite  well. 

As  the  writer  understands,  the  Hartford  authorities  do  not  con- 
template more  of  this  character  of  paving.  At  New  Haven  more 
or  less  of  this  paving  has  been  laid  and  thus  far  has  given  good 
satisfaction.  It  seems  better  fitted  for  residential  streets  than  com- 
mercial thoroughfares.  York  street  is  a  fair  example.  A  sample 
piece  of  this  paving  at  the  junction  of  Chapel  and  State  streets  now 
in  use  for  a  year  and  a  half,  has  worn  well,  and  many  expect  the 
paving  has  come  to  stay.  New  Haven  city  authorities  have  ordei^ed 
about  a  mile  of  this  paving  to  be  laid  the  coming  season — the  cost 
is  about  $2.20  per  square  yard  in  that  city,  with  a  five  year  guar- 
antee as  the  writer  is  informed.  Without  doubt  the  paving  has 
merits,  perhaps  much  beyond  what  is  thus  far  shown.  It  is  to  be 
regretted  that  we  have  not  at  hand  more  complete  information  con- 
cerning this  new  pavement,  and  that  it  has  not  in  this  part  of  the 
country,  at  least,  had  its  trial  long  enough  on  a  street  subjected  to 
the  heaviest  travel  of  a  city  of  this  size  to  warrant  a  complete  judg- 
ment of  its  durability  and  excellence. 

Prom  observation  made,  it  strikes  the  writer  that  the  edges  of  the 
brick  chip  under  the  travel  even  of  a  few  months,  that  this  will  ensue 
even  though  the  bricks  are  rounded  on  the  edges  in  their  manufac- 
ture ;  that  the  Portland  cement  used  in  the  joints  thus  in  the  latter 
style  of  brick  necessarily  flattened  out  to  an  edge  in  order  to  fill  the 
joint  at  surface  will  be  rapidly  cut  away  by  the  sharp  shoes  of  horses 
— and  that  the  tendency  will  be  to  transform  the  surface  into  a  series 
of  constantly  narrowing  ribs  across  the  street.  We  may  be  mis- 
taken about  this  J  time  alone  will  show. 
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The  appearance  of  this  paving  when  new  is  certainly  pleasing,  but 
it  may  be  said  that  the  noise  of  travel  is  quite  objectionable,  that  at 
best  it  is  not  so  smooth  by  many  degrees  as  asphalt  paving,  and  that 
without  doubt,  by  reason  of  the  joints,  it  will  be  far  more  costly  to 
clean  and  impossible  to  keep  clean.  As  stated  in  the  Hartford  report 
any  pavement  with  joints  is  essentially  unsanitary  in  its  effects. 

ASPHALT  SHEET  PAVING. 

So  much  valuable  information  relating  to  this  admirable  paving 
has  already  been  presented  from  the  Hartford  report,  that  it  seems 
incumbent  on  the  writer  only  to  emphasize  in  the  briefest  manner 
the  main  points,  and  then  to  present  the  importance  of  using  the 
Trinidad  pitch  lake  asphalt  in  preference  to  any  other. 

The  sheet  asphalt  pavement  of  the  above  mentioned  origin  is  almost 
incompressible  from  the  day  it  is  laid,  thus  insuring  great  durability. 
No  contractor  could  otherwise  bind  himself  to  deliver  the  pavement 
at  the  end  of  fifteen  years  in  good  condition. 

The  appearance  is  beyond  criticism,  and  for  sanitary  effects  it  is 
the  ideal  pavement.  Its  smoothness  more  than  doubles  the  load  a 
horse  can  draw,  saves  damage  to  all  gear,  is  a  delight  to  all  that 
most  worthy  company  of  youth  who  ride  the  bicycle,  and  incident- 
ally brings  it  about  that  the  sound  of  wheels  is  a  thing  of  the  past. 
Related  to  this  merit  of  smoothness,  the  chief  charge  against  the 
pavement  in  question  is  that  it  is  slippery  for  horses.  The  charge 
is  utterly  without  ground,  provided  the  asphalt  comes  from  the  Trin- 
idad pitch  lake.  The  asphalt  for  the  most  part  used  in  Europe  is 
the  Sicilian  rock  combined  with  the  German  production  in  propor- 
tions of  3  to  1.  The  pavement  of  this  material  becomes  with  wear, 
hard,  and  at  times  of  dampness,  quite  slippery  to  horses. 

In  the  report  of  the  commissioner,  Department  Public  Works, 
New  York  city,  1892,  this  matter  is  thus  disposed  of,  ex  cathedra. 
**  By  close  observation  it  has  also  been  definitely  ascertained  that 
rock  asphalt  is  much  more  slippery  than  Trinidad.  This  is  due  to 
the  difference  in  the  materials  with  which  the  respective  asphalts, 
in  their  natural  state,  are  mixed  for  pavement  as  the  Trinidad  pitch 
lake  contains  a  large  admixture  of  sand,  which  affords  a  rough  sur- 
face and  good  foothold  for  horses.      The  rock  asphalt  contains  no 
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sand  or  grit  but  a  preponderance  of  carbonate  of  lime  which  is  assi- 
milated into  the  plastic  mass  of  the  natural  asphalt,  leaving  a  com- 
paratively smooth  surface  which  does  not  afford  as  good  a  foothold 
for  horses  as  the  rougher  surface  of  the  Trinidad  asphalt  pavement.  ^^ 
Popularly  expressed,  the  surface  of  the  proper  asphalt  sheet  paving 
is  like  sandpax>er. 

Hartford  and  New  Haven  substantially  provide  in  their  specifi- 
cations for  sheet  asphalt  paving  that  the  Trinidad  pitch  lake  only 
shall  be  used.  This  I  have  from  authority.  The  wording  is  *  *  Trin- 
idad pitch  lake  or  equal  to  that. ' '  The  latter  city  have  ordered  to 
be  constructed  this  coming  season  more  than  three  miles  of  this  pave- 
ment and  as  before  stated  the  principal  street  of  Hartford  is  this 
year  to  be  paved  after  this  manner  to  the  extent  of  20,000  square 
yards. 

Thanking  you  for  your  kind  attention  to  my  rather  long  paper,  I 
will  conclude  with  an  extract  from  a  personal  letter  received  several 
days  since  from  Edward  P.  North,  who  stands  among  the  highest 
authorities  in  city  pavements  and  a  paragraph  or  two  from  his  report 
of  1895  to  which  I  have  made  reference.     In  his  letter  he  says  : 

**  Please  allow  me  to  advise  that  contracts,  if  possible,  be  made 
with  fifteen  years  guarantee.  All  the  asphalt  men  will  object  bit- 
terly to  this,  but  I  regard  it  of  great  importance  in  the  interest  of 
tax  payers,  and  as  a  very  paying  investment.''  By  the  way,  I  am 
also  in  receipt  of  a  letter  from  Colonel  George  E.  Waring,  in  which 
he  says,  *  *  I  am  very  much  in  favor  of  the  best  asphalt. ' ' 

The  report  of  engineer  North  states  as  follows:  **  Replacing 
our  worn  out  pavements  with  asphalt  laid  on  them,  presents  the  most 
economical  solution  of  a  very  serious  problem.  The  cost  of  a  granite 
pavement  laid  on  concrete  averaged  last  year  $3.14  per  square  yard, 
while  asphalt  pavements  averaged  $3.80,  but  this  cost  included  keep- 
ing such  pavements  in  repair  for  fifteen  years  and  turning  over  to 
the  city  a  good  pavement  at  the  end  of  that  period.  The  granite 
pavements  on  the  other  hand,  were  only  guaranteed  for  six  months. 
*****  It  is,  however,  as  a  sanitary  appliance  that  an  asphalt 
pavement  presents  the  greatest  value.  It  is  nearly  a  non- absorbent, 
is  free  from  cracks  that  offer  lurking  places  for  disease  germs,  and 
can  be  thoroughly  washed  whenever  it  is  thought  advisable," 
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Mr.  Pierson  read  a  personal  letter  from  Edward  North  in  which 
he  wrote,  **  Please  let  me  advise  that  contracts  be  made  with  fifteen 
year  warranties."  **  Replacing  our  worn  out  pavements  with  as- 
phalt presents  a  favorable  solution  of  the  question. ' '  Granite  pave- 
ments are  guaranteed  only  for  six  months.  The  sanitary  value  of 
asphalt  pavement  is  the  greatest  consideration. 

Mr.  Burt.  Mention  has  been  made  of  Pratt  street  in  our  city. 
Pratt  street  was  paved  some  three  years  ago  with  the  block  asphalt, 
but  there  was  no  concrete  base.  Previoas  to  the  use  of  that  pave- 
ment at  all,  there  was  an  investigation  made  with  special  regard  to 
brick  pavements,  and  at  the  request  of  the  street  board,  as  city  sur- 
veyor, I  made  a  journey  to  the  western  cities  as  far  as  Buffalo  to 
investigate  the  subject.  There  was  quite  a  number  of  results  in  the 
West  which  were  of  interest.  The  conclusions  I  reached  at  the  time 
were  that  a  concrete  base  of  at  least  6  inches  should  form  the  sub- 
structure. That  was  not  adopted  in  this  case.  Another  point  which 
hap  been  referred  to  here  in  regard  to  granite  pavements  with  a 
smaller  width  of  block,  that  the  granite  block  made  less  noise.  I 
think  that  is  a  point  which  is  well  taken.  I  think  that  in  Syracuse 
where  a  much  smaller  brick  was  used  than  that  at  Pratt  street,  the 
pavement  was  decidedly  less  noisy.  The  pavement  at  Pratt  street 
is  one  which  I  have  watched  with  a  good  deal  of  interest.  The 
edges  of  the  brick  have  been  nicked  off  and  faulty  brick  have  entered 
into  the  construction  as  is  very  likely  to  happen  unless  the  brick  is 
carefully  selected.  The  result  is  that  it  becomes  more  and  more  a 
noisy  pavement.  An  unyielding  foundation  is  the  most  desirable. 
In  Syracuse  it  is  used  quite  extensively  on  streets  of  private  resi- 
dence and  is  very  desirable  on  such  streets.  Where  the  traffic  is 
large  it  goes  to  pieces  and  it  is  noisy.  I  remember  one  pavement 
near  the  station  that  had  been  down  nearly  two  years.  The  bricks 
were  very  badly  nicked  off  on  the  edges  and  it  was  a  very  noisy 
pavement.  I  think  in  the  way  of  pavements  that  every  locality 
should  be  considered  with  reference  to  the  travel.  No  certain  pave- 
ment, either  of  granite,  brick,  sheet  asphalt  or  block  asphalt  should 
be  stipulated,  but  should  \)e  selected  for  the  place  ^nd  the  character 
of  the  traffic. 
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MR.  PRANK  B.  DURFEY,  of  Norwich,  who  became  one  of  our 
associate  members  on  January  11,  1887,  died  October  25, 
1896,  at  47  years  of  age. 

His  father  was  connected  with  the  Norwich  Water  Power  Com- 
pany from  the  beginning,  and  its  superintendent  many  years,  and 
soon  after  his  death  the  subject  of  this  sketch  became  the  superin- 
tendent which  position  he  filled  until  his  death. 

About  fifteen  years  ago  he  began  business  as  a  contractor,  and 
soon  became  the  principal  contractor  in  Eastern  Connecticut.  Dams 
and  all  kinds  of  water  power  development  was  naturally  his  specialty, 
but  nothing  that  could  be  built  of  earth,  stone,  wood  or  iron  seemed 
to  be  out  of  his  line. 

Outside  of  the  immediate  vicinity  he  built  main  sewers  in  Willi- 
mantic;  waterworks  in  Bath,  Maine  j  electric  power  station  at 
Baltic,  and  repaired  the  Fruit  Hill  Reservoir  at  Providence. 

He  possessed  unusually  good  judgment,  and  his  mind  worked 
rapidly.  He  was  very  energetic  and  progressive.  He  seldom 
employed  men  to  do  what  horses  could  do,  nor  horses  where  steam 
was  more  economical. 

He  bought  everything  in  the  way  of  tools  that  his  business  de- 
manded and  was  fertile  in  expedients. 

He  could  *  *  see  through '  ^  the  most  complicated  plan  almost  at  a 
glance  and  was  ready  to  propose  to  do  almost  any  kind  of  a  job  at  short 
notice.  He  possessed  the  good  will  of  people  of  every  class  and 
station  to  an  unusual  degree.  His  customers  found  in  him  a  man  who 
could  tell  them  what  they  wanted,  how  it  ought  to  be  done,  and  do 
it  for  them  at  less  cost  than  those  with  less  ability  and  fewer  appli- 
ances. Engineers  liked  him  because  he  pushed  his  work,  did  as 
he  had  agreed  and  did  not  grumble  about  trifles.  Whether  he  made 
money  or  lost  it  he  did  not  complain.  He  was  a  favorite  with  his 
associates  because  he  was  warm-hearted  and  companionable. 
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William  B.  Bidbb,  -..-...         

Hydraalio  Engineer,  Norwalk,  Conn. 

Joseph  B.  Bidbb,  ......  Jan.  14,  1890. 

Civil  Engineer,  New  York  City. 

Arthur  W.  Ricb,  ......  April,  1884. 

Civil  Engineer,  New  Britain,  Conn. 

GborobH.Sagb,  ......  Jan.  8, 1895. 

Secretary  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Ralph  J.  Sabik,        -.---..         April,  1884. 
Engineer  and  Surveyor,  Pomfret,  Conn. 

William  O.  Smith,  ......  April,  1884. 

Civil  Engineer,  Waterbary,  Conn. 

Albert  F.  Spbnoer,  ......  April,  1884. 

Civil  Engineer  and  Surveyor,  Bridgeport,  Conn. 

L.  A.  Tatlor,  -.-.---         June.  1887. 

Civil  Engineer,  Boston,  Moss. 

Walter  Watson,  ......  Jan.  13,  1885. 

Civil  Engineer,  Pittsfield,  Mass. 

A.  B.  Wadsworth,        .-..--  Oct.  27,  1886. 

Civil  Engineer,  Farmington,  Conn. 

Nelson  J.  Welton,  -.--..  April,  1884. 

Civil  and  Hydraalic  Engineer,  Waterbary,  Conn. 

Joel  M.  Wheeler,  ......  Jnne,  1887. 

Civil  Engineer,  Ansonia,  Conn. 

J.  K.  WiLKEB,         .......  April.  1884. 

Chief  Engineer  New  Roohelle  Sewer  Commission,  New  Rochelle,  N.  Y. 

Halsbt  A.  Weaveb,        -.---.  Jan.  12,  189.7. 

Middletown,  Conn. 


Xn  compcUM've  test*.  "HOPPVAM"  to  always  abead. 

ARCHITECTS  SHOULD  SPECIFY 

"'  ^OFFMAN"K"r^ 


H 


Cement. 

ALWAYS  RELIABLE. 


A    MEDAL   FOR   SPECIAL   MERIT 

AWARDCO  ■¥  THE 

WORLD'S  COLUMBIAN  EXPOSITION. 

FOR  FURTHER  INFORMATION  APPLY  TO 

THE  LAWRENCE  CEMENT  CO.,  Sales  Office,  No  1  Broadway,  N.Y.City. 
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THE  LUDLOW  VALVE  M'F'G  CO., 


MANUFACTUBEBS    OF 


Mm  aid  Fire  HrM. 


This  Hydrant  in  an ti- freezing,  becanse 

TThen   the  drainage  is  good  no  | 

water  is  left  in  it  to  freeze. 

The  drip  is  directly  in  the  bottom  of     p^r^^'f^ 

the  hydrant  and  drains  perfectly.  |j 

It  is  protected  by  its  yalve, 

which  never  leaves  its 

socket  and  therefore 

cannot  be  clogged. 


Double  and  

Single  Gate 

VALVES, 


CHECK  YALVES, 
FOOT  VALVES, 


FIRE  HYDRANTS 

Yard, 

WASH, 
AND 

Flush 

HYDRANTS. 


S£3]>TZ3   FOXt   OXRCXTX^^^RS. 


Office  and  Works- 


938to954River$tJ67to83VailAve. 


EDWARD  McMANUS, 

General  Contractor. 


eRtDDR,  PtVINe,  PIPE  LtriNC, 

EMTN  Md  MSOMRY  OMS, 


Personal  Attention  Given  and  First-Class  Work 

Guaranteed. 


ESTIMATES    FURNISHED. 


WATERBURY,  CONN 

57    Union  Street, 


£3SXJ^SX^SX3:SZD    1866. 


WORKS  at  PHILLIPSBURG,  N.  J. 
Sales  Office,  No.  160  Broadway,  New  York. 


CAST-IRON  Wate;^  and  Gas. 

<^^FROM  3  TO  48  INCHES  DIAMETER. 
ALSO 

ALL  SIZES  OF  FLANGED  PIPE 

AND  SPECIAL  CASTINGS. 
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^.    Ij.    Ji/L.    Ij-A-IDID, 


CoDstrnction 


NORWICH, 


ifll 


Contractor, 


CONN. 


Correspondence  and  Specifications  respectfully  solicited.    Complete 

Road  Building  Plant,  including  Steam  Roller 

and  Portable  Crusher. 

Iron  and  Steel  Bridges,    Buildings,  Girders.  Eto« 


Manufacturers* 
Agents. 


Collins  $  notion, 

engineers  and  Contractors. 

SptHtdrieKL  mass. 


Henry  L.  Norton. 
Hnrry  C.  ColHn«. 

33  Lym<in  St, 


E.  G.  SOLTMANN, 

DRAWING  MATERIALS,? 

Architofts' iinfl  Engineers'  \^^ 


BLUE    PRINT    PAPERS. 

I  19   FULTON   ST., 

NEW  YORK- 


f^ 


^^ 


*» 


Correspondence  Instruction  In 

CIVIL    ENGINEERING. 

The  correspoudence  method  of  instruction  offers  to  professional  men  and  others  who  cannot 
leave  their  homes  and  business  to  attend  collefre,  au  opportunity  to  gain  an  eni?ineerinf(  educa- 
tion. This  method  was  first  employed  by  The  Colliery  Engineer  Co.,  of  Scranton,  Pa.,  in  teaeb> 
ing  the  theory  of  Mining  Engineering  and  the  scope  of  the  Schools  has  been  extended  until 
instruction  is  now  given  in  twenty-six  technical  courses,  including  Railroad,  Bridge,  Municipal, 
Uydrauiir.  Mechanical,  Electrical  and  Mining  Engineering,  Surveying  and  Mapping. 

Studies  are  carried  on  at  the  time  and  place  most  convenient  to  the  student.  Spare  moments 
may  be  utilized.  Students  are  not  limited  to  any  time  in  which  a  course  must  be  finlabcd  ;  tliey 
may  interrupt  their  studie»>  and  resume  them  when  desired,  and  may  review,  if  necessary, 
without  extra  cost.  The  Instruction  and  Question  Papers  and  Drawing  Plates  used  in  teaching 
have  been  prepared  especially  for  students  of  these  Schools  at  an  expense  exceeding  $100,000. 
The  method  of  teaching  is  described  in  the  Circular  of  Information,  which  will  be  sent  fiee. 

For  the  financial  sUindinfT  of  The  Colliery  Engineer  Co.,  proprietors  of  The  luternatioDal 
Correspondence  Schools,  refer  to  Bradstreet's  or  DunN  or  write  to  any  bank  in  ScrantoD. 

Send  for  Free  Circular  and  Book  of  Testimonials  from  Students,  mentioning  the  subject  in 
which  you  are  interested.   Wrile  to 

The  International  Correspondence  Schools,  Box  1095,  Scranton,  Pa« 


HARRISBURG3W0RKS 

General  Office  and  Works:    HARRISBUR6,  PA.,  U.  S.  A. 


THE  HARRISBURG  IDEAL  TANDEM  COMPOUND  ENGINE. 

Astaauitic  Lntelcatloii.  Ssperlor  RcfvlatloB.  Perfect  Sqiillllnivm  In  Action.  HIefcett  IcoBomj. 


AND  m  EVERY  WAY  SUPERIOR  TO  SCOTCH,  CEMENT,  OR  BLAZED  PIPE 


msm 


OHIO  VITRIFIED  SEWER  PIPE" 

m  mil  B?  TSI  KUT'S'S  HEW  £S3U£S  ASSflt. 

5.1^ H,  A.  WAEITER,  New  Haven,  Conn. 

"CtrCDlars,  Tf  rmsiind  Samples,  furDiphf^d  tonpplii  ^nta.^^j^ 


mUG    ^^PlPy.: 


BE  SURE  AND  GET  MY  PRICES  WHEN  READY  TO  PLACE  ORDERS. 

Large  Discounts  to  Dealers  Officials  &,  Contractors. 


GEORGE  M.  EDDY  S  CO. 


MANUFACTURERS    OF 


MEASURING  TAPES 

Of  GottoD,  Linen  and  Steel,  for  all  purposes. 
Sole  Manafaotnrers  of 

PAINE'S  U.  S.  STANDARD  STEEL  TAPES. 

Also  Standard  Band  Measnres.  |-inch  wide,  ftradnated  each  10  feet  of  any 
length  desired  ;  will  not  kink  or  break.  Steel  Tapes  have  become  an  indiapen- 
sable  article  for  eyery  Surrey  or,  Engineer,  &c.,  wherever  a  standard  measure  of 
considerable  length  is  required.  Wb  dbsibb  to  call  ATmiTioN  to  otjb  New 
Impboybd  Flush  Hamdlb  and  Mbthod  tor  Windino  Stbbl  Tapbs,  which  ib 
unYBBSALLT  AFPBOYBD.     SendfoT  OcUologue, 

345-363  Classen  Ave.,     -     -      BROOKLYN,  N.  Y. 


BUFF    &    BERGER, 

IMPROVED 

Engineering  and  Surveying  Instruments, 

No.  9.  ProTince  Court,  Boston,  Mass. 

They  aim  to  secure  in  their  Instruments  -.—Accuracy  o/  divition ;  SUnpUcity  in  manijmla- 
tion  ;  Lightne»»  combined  tcith  strength  ;  Achromatic  teletcope^  with  high  power ;  SteadiniMt «/ 
Adjuf*tment«  under  varying  temperatureH ;  Stiffnens  to  avoid  any  tremor^  eten  in  a  ttrong  mbia. 
and  thorough  tcorkmannhtp  in  ererypart. 

Their  instruments  are  in  freneral  u^  by  the  U.  8  GoTcmment  En^neers.  Geologists,  and 
Surreyon,  and  the  range  of  instruments,  as  made  by  them  for  Rirer,  Harbor,  City*  Bridge, 
Tunnel,  Railroad  and  Mining  Engineering,  as  well  as  those  made  for  iSiangnlation  or  Topo- 
graphical Work  and  Land  Surveying,  etc.,  is  larger  than  that  of  any  other  firm  in  the  cooBfery. 

Illustrated  rUnuftI  and  Catalogue  Sent  on  Application. 


MILLER  AUTOMATIC  SIPHON 


FOB 


INTERMITTENT  FLUSH  TANKS. 
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PACIFIC  FLiUSH  TANK  CO.^ 

94   LA   SALIiE   STREET,   CHICAGO. 

Surveying  Instruments. 

Genuine  Swiss  Drawing  Instruments, 
Drawing  and  Bine  Process  Papers, 
Slide  Rules,  T  Squares,  Triangles,  8eaies« 
Drawing  Tables  and  General  Dffiee  Sup- 
plies. 

Surveying  Instraiuents  Carefally  Repaired, 
KOLESCH  k  CO.,  155  FULTON  STREET,  NEW  YORK. 

lUastrated  Catalogue  on  application. 


p.  H.  Harrison. 
H.  L.  Harrison. 
L.  B.  Harrison^  Assoc.  Am.  Soc.  C.  E, 


P.  H.  Harrison  &  Sons, 


Cent racters  and  Engineers. 


New  York  City :  123  Liberty  St. 
Newark,  N.  J.:  30  So.  Oth  St. 

Hartford,  Conn.:  Waverly  Bidflr* 


Builders  of     . 


Sewerage  Lines  and  Sytfent, 
Water  Werks, 
Tunnels,  Railreads, 
Dridges,  Feundatiens, 
Piers  and  Caissens. 


CORRESPONDENCE  SOLICITED. 


R.  x>.  mrooD  e^  co. 

Eugrineers,  Iron  Founders,  Machinists. 

400  Chestnut  Street, 


Poundricft  and 
Works: 
Millvllle,  N.  J. 
Florence.  N.  J, 


c.d...N  J.  PHILADELPHIA,  PA. 

BUILDEBS  OF 

GAS    AND    WATER   WORKS. 

MANUFACTURE  EVEBT  DESOEIPTION  OF 

^^  J^  ^^T      Mathews'  Single  and  Double 
^#/%0    I  Valve  Fire  Hydrants. 

^— IRON— — 


Eddy  Valves. 

Valve  Indicator  Posts. 


PIPE. 


GAS  HOLDERS  AND  GAS  MACHINERY. 

Hydraolic  €ranes,  Presses,  Lifts,  Etc.  Turbines  and 
Water  Power  Pumps. 

SUGAR  HOUSE  WORK.  LOAH  CASTINGS.         HEAVY  SPECIAL  MACHINERY. 

GENERAL  CASTINGS. 


TBE  JACKSON  &  WOODIN  MFG.  CO. 

MANUFACTURIRS  OF 

CAST  IliO.¥,  GAm  AMD  fFATfili 


Special  Castiogs.  Engine  Castings. 


Trap  kkloflHlacadam  and  Concrete. 

DAILY  CAPACITY  OP  CBUSUCRS  2,500  TONS. 

Qaarries  on  N.  Y.,  N.  H.  &  H.  R  R.  at  Meriden,  Conn. 
"  **  Boston  &  Albany  R.  B.  at  Westfleld,  Mass. 
**        *•  North  Biver,  at  Weehawken,  N.  J. 

ROAD  BUILDING   DEPARTMENT. 

Steam  Rollers,  Portable  Crushers  and  complete  eqalptnent 
for  the  constractlon  of  Stone  Roads. 

ESTIMATES  FURNISHED. 

JOHM  H.  ].AM£  &  HOM,  Slerlden,  Conn. 

G.  W.  Blakbslbb.  D.  a.  Blaxkslbb.  D.  W.  Blakulbb. 

C.  W.  BLAKESLEE  &  SONS, 

GENERAL  CONTRACTORS. 

Experts  In  Street  Paving  and  Macadam  Road  Making. 

steam  and  Electric  Bailroads,   DaniR,   Sewers,  and    Heavy  Masonry  Bniit. 
Building  Stone,  Crashed  Stone,  and  Belgian  Blocks  Farnished. 

58    WAVERLY    STREET,    NEW    HAVEN,    CONN. 


E8TABLI8HID    1873. 


#^ 


Fac-Simlle  of  Barrel  and  Label. 


"BROOKLYN  BRIDGE  BRAND" 


R08ENDALE 

HYDRAULIC 


CEMENT 


SpecKied  and  Used  by  the  Leading  Architects, 
Engineers  and  Builders. 

This  Cement  is  Dark,  Finely  Ground,  stands  the  highest  tensile 
tests,  and  will  take  more  sand  than  any  Rosendale  Cement.  Elspee- 
ially  adapted  for  Heavy  Masonry,  Sewers  and  Concrete  Work.  Net 
weight  300  lbs,  per  barrel. 

CALL  FOR  AND  INSIST  ON  THIS  BRAND  BEING  DELIVERED. 


THE  BEST  IS  THE  CHEAPEST. 


Some  Books. 

BAKER — Manual  of  American  Water- Works  for 

1897 $3.00 

BAUMEISTER— Cleaning  and  Sewerage  of  Cities   2.60 

GOULD— Practical  Hydraulic  Formula 1.50 

JACOBY— Text  Book  on  Plain  Lettering 3.00 

JOHNSON — Engineering  Contracts  and  Specifica- 
tions      4.00 

SWAAB — Tables  and  Diagrams  for  Estimates  for 

Sewerage  Work 50 

TR  ATM  AN— Railway  Track  and  Track  Work. . .    3.00 


Our  principal  publication  is  the  weekly  paper, 

JEnQineering  "Wews, 

which  is  too  important  to  be  described  within  the  limits 
of  this  page.  Send  for  a  sample  copy  and  also  for  our 
recent  pamphlet  which  gives  some  information  about  the 
paper ;  contains  a  complete  price  list  of  our  own  books  ; 
and  is  illustrated  with  views  of  New  York  City,  repro* 
duced  direct  from  photographs  taken  from  our  new  offices. 

The  Engtnekrino  News  Publishing  Company, 

St.  Paul  Buidins.  New  York. 
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CONNfiCTi'-iT 


,ivil  Engineers  and  Surve} 


ASSOCIATION. 


Louiauiiuji  ueiiuicii  luuc.v  iioui  ^^5  lu  i^i^d- 


1898. 


PRICE  50  CEHTS. 


t 
t 


• 

o 

''^; 

,   -  /'  ■    • 

Oi 

i ' ' '  - 

''^ 

or 

> 

1  . 

Oi  ' 

i' 

K^ 

b 

-  ^sl^^^^H 

Mi   J 

i^lfflW^^^I 

J   -  ^  —  . 

2^ 

(ll^ 

iiiS^'s 

n 

^  0       J 

S;iSifi 

Ll 

•fT. 


aaiii^' 


r 


PROCEEDINGS 


THE  NEW  YORK 

PUBLIC  LIBRARY 

P  50188 

AFTOn.  LENOX  AND 

18^9 


THE    CONNECTICUT 

CifiL  Engineers  and  Surveyors 

ASSOCIATION, 


—AT    ITS— 


FOURTEENTH    ANNUAL    MEETING, 


— HMLD  AT— 


Hartford,  Conn.,  Jarxtaary  11,  1898. 


NEW  LONDON,  CONN. 

FUKSS  or  THB  DAT  PUBIJBHniO  OOMPANT, 


CONNECTICUT 

Civil  Engineers  and  Surveyors 

ASSOCIATION. 


Organized  at  Bridgeport.  January  15.  1884. 


OFFICERS  FOR  1898. 
President— R.  A.  Cairns,  Waterbury. 
First  Vice-President— L,  W.  BuRT,  Hartford. 
Second  Vice-President — Edwin  D.  Graves,  Hartford. 
Secretary  and  Treasurer — Geo.  K.  Crandall,  New  London. 
Assistant  Secretary — L.  B.  Daboll,  New  London. 


BXBCUTIVB  COMMITTBB. 

R.  A.  Cairns,  Waterbury, 
Wm.  G.  Smith,  Waterbury  C.  H.  Buncb,  Hartford. 

Wm.  B.  Palmer,  Bridgeport,  L.  W.  Burt,   Hartford. 


nEMBBRSHIP  COnniTTBB. 

Chas.  E.  Chandler,  Norwich,  Wm.  H.  Olmsted,  East  Hartford, 
Wm.  H,  Capwell,  New  Britain. 
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PROCEEDINGS 

or  TBB 

FOURTEENTH    ANNUAL    MEETING 

OF  THE 

Connecticut  Civil  Engineers  and  Surveyors  Association, 

HBLD  AT 

HARTFORD.  CONN.,  JANUARY  11.  1898. 


The  fourteenth  annual  meeting  of  the  Association  was  held  in  the 
Council  Chamber,  in  the  City  Hall,  at  Hartford,  Conn,  January  11, 
1898. 

The  meeting  was  called  to  order  at  11  a.  m.,  by  President  Robert 
A.  Cairns.     The  following  members  were  present : 

Edwin  P.  Augur,  Middletown  j  Henry  W.  Ayers,  Hartford  j  Ros- 
well  Atkins,  Bristol  j  Geo.  H.  Bishop,  Middletown  j  Charles  H. 
Bunco,  Hartford;  Luther  W.  Buii;,  Hartford;  Charles  O.  Brown, 
Danbury;  Robert  A.  Cairns,  Waterbury ;  Charles  E.  Chandler, 
Norwich;  William  B.  Cochrane,  Stamford;  George  K.  Crandall, 
New  London;  Henry  L.  Davis,  Wallingford;  Courtland  R.  Darrow, 
Waterbury ;  Frederick  DePeyster,  Portland ;  Frederick  L.  Ford, 
Hartford;  Edwin  D.  Graves,  Hartford;  William  E.  Johnson,  West 
Hartford ;  Hiram  G.  Loomis,  Hartford  ;  Theodore  H.  McKenzie, 
Southington;  George  E.  Manning,  New  London;  JohnT.  McKnight, 
Rockville  ;  William  H.  Olmsted,  East  Hartford ;  William  B.  Palmer, 
Bridgeport;  Shepard  B.  Palmer,  Norwich;  Stephen  C.  Pierson, 
Meriden  ;  Halbert  G.  Robinson,  Hartford ;  Walter  E.  Truesdell, 
Norwich;  A.  R.  Wadsworth,  Farmington ;  J.  K.  WilkesJ  New 
Rochelle,  N.  Y.;  Halsey  A.  Weaver,  Woodstock. 

The  minutes  of  the  last  annual  meeting  were  approved  as  printed. 

The  secretary  then  read  his  report  as  follows  : 


CONNECTICUT  CIVIL  ENGINEERS 


SECRETARY'S    REPORT. 


New  London,  Conn.,  January  11th,  1898. 

To  the  Officers  and  Members  of  the  Connecticut  Civil  Engineers  and  Sur- 
veyors Association  : 

Gentlemen  : — The  proceedings  of  the  last  annual  meeting,  to- 
gether with  the  papers  read  at  that  time,  have  been  printed  and  sent 
to  all  of  the  members.  About  seven  hundred  copies  have  been  sent 
to  other  societies  with  whom  we  exchange. 

The  reports  received  from  other  societies  have  been  mailed  to  the 
membe^s. 

We  have  lost  by  death  during  the  past  year,  one  honorary  member, 
Mr.  Henry  T.  Potter. 

Our  membership  now  comprises  6  honorary,  2  contributing  and 
77  active  members,  making  a  total  of  85. 

There  are  at  present  36  members  in  arrears  for  dues,  owing  the 
Association  $366. 

Respectfully  submitted, 

GEO.  K.  CRANDALL,  Secretary. 

It  was  voted  that  the  report  of  the  secretary  be  accepted  and 
ordered  printed  in  the  annual  report  of  the  Association. 

The  treasurer  then  read  his  report  as  follows : 


AND   SURVEYORS  ASSOCIATION.  7 

TREASURER'S    REPORT. 

For  the  Tear  Ending  January  11,  1898. 

Geo.  K.  Grand  all,  Treasurer,  in  account  with  the  Connecticut 
Civil  Engineers  and  Surveyors  Association. 


RECEIPTS. 

Cash  on  hand  January  12,  1897 $284.00 

Beceived  for  adyertisements 171.00 

*•    dues 146.00 

••    reports 1.00 

$602.00 

DISBURSEMENTS. 

Janitor  at  Hartford $    2.00 

Stenographer  at  Hartford 13.00 

Printing 168.50 

Postage  and  envelopes 30.96 

Stationery 7.86 

Freight  and  cartage 8.81 

Geo.  K.  Crandall,  salary  as  secretary 26.00     ' 

Cash  on  hand  January  11th,  1898 346.89 

$602.00 

Respectfully  submitted, 

GEO.  K.  CRANDALL,  Treasurer. 


Hartford,  January  11,  1898. 

This  is  to  certify  that  we  have  examined  the  accounts  of  Geo.  K. 

Crandall,  treasurer,  comparing  the  bills  with  vouchers  for  same  and 

find  them  correct.     We  have  also  examined  the  bank  book  and  find 

the  credit  as  shown  by  report  to  agree  with  the  balance  in  bank. 

Respectfully  submitted, 

R.  A.  Cairns,      ) 

C.  H.BUNCE,        I      ^^""^j^ 
_    .^   ^  I      Committee. 

L.  W.  Burt,       ) 

It  was  voted  that  the  report  of  the  treasurer  be  accepted  and 
printed  in  the  annual  report  of  the  Association. 


8  CONNECTICUT  CIVIL  ENGINEERS 

The  special  committee  appointed  at  the  last  annual  meeting  on 
Roads  and  Road  Making  reported  as  follows : 

To- the  ConnectictU  CivU  Engineers  and  Surveyors  Association : 

The  undersigned,  who  were  appointed  a  committee  on  Roads  and 
Road  Making,  and  were  instructed  by  you  to  appear  before  the 
committee  of  the  Legislature  having  the  subject  of  improved  high- 
ways under  consideration,  and  advocate  the  continued  appropriation 
by  the  State  of  moneys  to  further  the  building  and  extension  of  such 
highways  under  State  supervision,  beg  leave  to  report  that  after  com- 
paring views  on  the  subject,  the  committee  concluded  that  they  could 
best  carry  out  your  instructions,  and  best  serve  your  interests  by 
presenting  to  the  Legislative  committee  aforesaid  the  following 
memorial,  which  was  read  at  one  of  the  hearings  of  the  said  Legis- 
lative committee  in  Representative's  hall,  and  placed  in  the  hands 
of  the  clerk  of  said  committee. 

Norwich,  Conn.,  February,  1897. 

To  the  Committee  on  Roads  j  Rivers  and  Bridges  of  the  General  Assembly : 

Gentlemen  : — The  undersigned  committee  on  Roads  and  Road 
Making  of  the  Connecticut  Civil  Engineers  and  Surveyors  Associ- 
ation, having  been  by  vote  of  said  Association  instructed  to  appear 
before  you  and  advocate  the  continued  appropriation  of  moneys  to 
further  the  building  and  extension  of  improved  highways  under  State 
supervision,  respectfully  represent : 

1.  That  our  professional  relations  with  a  large  number  of  towns 
have  given  us  unusual  facilities  for  becoming  acquainted  with  the 
operation  of  the  law  in  all  its  details. 

2.  That  we  believe  the  operation  of  the  law  to  have  been  on  the 
whole,  beneficial  to  the  towns  availing  themselves  of  its  provisions. 

3.  We  believe  it  to  be  for  the  best  interest  of  the  State  as  a  whole 
that  the  appropriation  of  money  for  the  purpose  named  should  be 
continued,  and  we  hereby  urge  the  committee  to  report  unfavorably 
on  any  bill  for  the  repeal  of  the  present  law  or  any  bill  that  would 
lessen  the  amount  of  improved  roads  to  be  built  under  the  law. 

Our  reasons  for  asking  this  are  : 

1.  We  have  a  pride  in  this,  our  State. 

2.  The  roads  of  our  State  are  generally  unsatisfactory. 
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3.  Previous  to  the  enactment  of  the  present  law,  very  little  had 
been  or  seemed  likely  to  be  done  in  the  way  of  road  improvement. 

4.  The  law  in  the  short  time  it  has  been  in  force  has  been  the 
means  of  giving  practical  information  and  experience  regarding  the 
improvement  of  country  roads  to  a  larger  number  of  officials  and 
individuals. 

5.  It  has  been  the  means  of  leading  towns  and  individuals  to 
appropriate  about  $100,000  for  improved  roads  in  addition  to  the 
towns'  share  of  the  expense  of  State  roads. 

All  of  which  is  respectfully  submitted. 

Charles  E.  Chandler,  1  Com.  of  the  Connecticut 
Edwin  P.  Augur,  ?-    dvU  Engineers  and 

Luther  W.  Burt,  )  Surveyors  Association. 

You  are  all  aware  that  the  object  sought  by  your  vote  was  sub- 
stantially accomplished,  and  that  while  there  were  some  changes  in 
details  of  the  law,  the  maximum  amount  available  for  the  improve- 
ment of  the  highways  in  each  town  remains  the  same  as  by  the  law 
of  1895. 

All  of  which  is  respectfully  submitted. 

Charles  E.  Chandler,  ) 
Edwin  P.  Augur,  >  Committee. 

Luther  W.  Burt,         ) 
Norwich,  January  3,  1898. 

On  motion  of  Mr.  Bunce  the  report  was  accepted  and  ordered 
printed. 

The  following  obituary  of  our  late  member,  Mr.  Henry  T.  Potter 
was  read : 

OBITUARY. 

Mr.  Henry  T.  Potter,  who  died  in  Norwich,  Conn.,  September 
20th,  1897,  was  elected  an  honorary  member  of  our  Association, 
June  7th,  1887.  He  was  born  in  Johnston,  R.  I.,  October  Ist,  1821, 
and  was  educated  in  Smithfield,  in  North  Scituate,  R.  I. 

He  early  developed  a  taste  for  mechanical  pursuits  and  his  ser- 
vices and  advice  were  sought  by  many  of  the  leading  manufacturing 
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corporations  in  his  native  State.     He  possessed  also,  along  with  his 
mechanical  skill,  the  best  of  judgment  and  marked  executive  ability. 

This  rare  combination  of  talent  opened  to  him  a  broader  field,  and 
in  1852  he  laid  out  the  village  of  Warwick,  B.  I.,  and  built  the 
Artie  Mills,  and  a  few  years  later  superintended  for  the  Spragues 
the  erection  of  the  large  manufacturing  plant  with  its  water  power 
and  connections  at  Baltic. 

In  1863,  his  reputation  having  extended  to  adjoining  states,  he 
was  called  to  Norwich,  Conn.,  and  planned  and  superintended  the 
construction  of  the  works  of  the  Occum  Company  and  Ponemah 
Mills. 

In  1867,  Mr.  Potter  was  engaged  by  the  Ousatonic  Water  Com- 
pany at  Birmingham,  Conn. ,  to  superintend  the  developing  of  a  large 
water  power  upon  the  Ousatonic  River. 

The  nature  of  the  river,  both  as  to  flow  and  bed,  together  with 
the  rise  and  fall  of  the  tide  which  occurs  at  the  location  of  the  dam, 
presented  to  him  a  difficult  task,  but  obstacles  only  served  to  bring 
out  his  resources  and  energy,  and  after  three  years  of  struggle  he 
completed  a  work  of  which  any  engineer  might  be  proud. 

During  the  construction  of  the  dam,  canals  and  locks  connected 
with  the  above  development,  naturally  many  washouts  occurred,  and 
Mr.  Potter  came  to  dread  a  storm.  The  writer  well  remembers  the 
following  expression  which  is  so  characteristic  of  the  man  as  illus- 
trating his  forcible  manner  of  expression,  that  it  is  introduced  here  : 
**  The  patter  of  the  rain  upon  my  roof  at  night,  is  to  me,  what  a 
battery  pouring  forth  grape  shot  is  to  the  soldier." 

He  carried  into  his  work  this  same  force  and  faculty  of  at  once 
striking  the  vital  point.  After  the  completion  of  this  great  work 
at  Birmingham,  he  refused  to  assume  charge  of  the  works  needing 
constant  care  and  attention. 

For  many  years  he  was  a  member  of  the  State  Board  of  Engineers 
for  the  supervision  of  dams  and  reservoirs,  resigning  that  office  on 
account  of  ill  health  shortly  before  his  death.  As  long  as  his  health 
permitted,  his  advice  was  sought  and  highly  appreciated  in  matters 
pertaining  to  the  branch  of  engineering  to  which  he  devoted  so 
much  of  his  life, 
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On  motion  of  Mr.  Chandler  it  was  voted  that  the  secretary  be  in- 
structed to  prepare  and  print  in  the  next  annual  report,  an  index  to 
all  of  the  reports  of  tbe  past  fourteen  years,  and  that  the  executive 
committee  be  instructed  to  confer  with  the  secretary  and  determine 
what  additional  compensation  shall  be  paid  for  this  work. 

After  a  favorable  report  from  the  membership  committee  the 
following  persons  were  duly  elected  as  active  members  of  this  Asso- 
ciation: Halbert  G.  Robinson  of  Hartford;  Walter  E.  Truesdell 
of  Norwich ;  George  E.  Manning  of  New  London  and  Charles  O. 
Brown  of  Danbury. 

The  Association  then  proceeded  to  the  election  of  officers  for  the 
ensuing  year,  Courtland  R.  Darrow  and  William  H.  Olmsted  acting 
as  tellers. 

The  following  officers  were  elected  : 

R.  A.  Caibmb.  Waterbury, President 

L.  W.  BuBT.  Hartford, First  Vice  President 

Edwin  D.  Gbavbr,  Hartford,  -  -  -  .  Second  Vice  President 
G«o.  K.  Gbamdall,  New  London,  -  -  Secretary  and  Treasurer 
L.  E.  Daboll,  New  London,     -        -       -       .       -    Assistant  Secretary 

EXECUTIVE  COMMITTEE. 

B.  A.  Caibnb, Waterbury 

Wm.  G.  Smith, Waterbury 

C.  H.  BuNOB, Hartford 

Wm.  B.  Palmbb, Bridgeport 

L.  W.  BuBT, Hartford 

MEMBERSHIP  COMMITTEE. 

Chab.  E.  Chandleb, Norwich 

Wm.  H.  Olmstsd, EaBt  Hartford 

Wm.  H.  CADWBLii, New  Britain 


President  Cairns  then  read  his  address. 
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PRESIDENT'S  ADDRESS. 

This,  pjentlemen,  is  the  first  opportunity  I  have  had  to  express  my 
appreciation  of  the  honor  conferred  upon  me  a  year  ago,  when  you 
chose  me  for  president  of  the  Association.  As  I  was  unhappily  ab- 
sent from  that  meeting,  and  as  there  were  present  so  many  men  ad- 
mirably adapted  to  occupy  the  position,  the  only  explanation  of  your 
action  that  occurred  to  me  was  that  the  rest  of  you,  being  full  of  the 
cares  of  this  world  and  the  embarrassment  of  riches,  did  not  feel 
like  assuming  the  duties  of  the  office.  As  a  South  American  friend 
of  mine  once  said,  when  upon  leaving  my  house  after  a  stay  of  some 
weeks  he  was  urged  to  repeat  the  visit  at  an  early  day,**  I  would 
so  much  like  to,  but  I  can  see  no  hole  in  the  time."  Not  seeing 
a  hole  in  your  own  time  you  remorselessly  trained  your  long  range 
guns  on  Waterbury  and  made  a  puncture  in  mine. 

It  has  not  however  proved  a  very  serious  undertaking,  either  be- 
cause the  duties  are  never  very  heavy,  or  because  a  combination  of 
circumstances  has  this  term  prevented  the  usual  activities  of  the 
year.  In  this  connection  it  is  proper  to  say  that  the  executive 
committee  laid  several  plans  for  a  summer  meeting,  but  were  unable 
to  realize  any  one  of  them.  At  one  time  an  especially  attractive 
programme  was  arranged,  the  failure  of  which  was  a  cause  of  much 
disappointment  to  us  and  I  think  lost  to  the  Association  what  could 
have  been  a  most  delightful  and  instructive  day.  It  seems  to  me 
that  the  summer  meeting  is  an  important  feature  of  our  Association 
life  and  ought  not  to  be  omitted.  If  possible,  arrangements  should 
be  made  for  it  at  the  annual  meeting,  when  we  are  all  together  and  a 
general  expression  of  opinion  can  be  secured  without  the  trouble, 
uncertainty  and  loss  of  time  incidental  to  letter  writing. 

In  accordance  with  custom,  I  have  sent  out  from  fifty  to  sixty 
circular  letters  to  the  members  of  the  Association  and  others,  con- 
taining inquiries  concerning  the  nature  and  amount  of  engineering 
work  done  within  the  State  during  the  past  year.  The  replies  received 
have  many  of  them  been  vague  and  unsatisfactory,  but  enough  facts 
have  been  obtained  to  enable  me  to  present  to  you  a  general  review 
of  the  situation. 
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In  regard  to  steam  railways,  I  believe  that  not  one  mile  of  new 
track  has  been  reported  to  the  Railroad  Commissioners  as  laid  dur- 
ing 1897.  The  Consolidated,  by  the  kindness  of  its  chief  engineer, 
Mr.  F.  S.  Curtis,  reports  the  following  improvements : 

Stamford — The  work  here,  which  consisted  of  raising  the  roadbed; 
building  two  additional  main  tracks,  making  four  in  all ;  eliminating 
eight  grade  crossings ;  building  new  brick  passenger  stations,  one 
on  either  side  of  the  tracks ;  additional  track  facilities ;  new  engine 
house  and  turntable,  etc.,  has  been  brought  to  completion.  The 
amount  expended  within  the  year  has  been  about  $375,000,  exclu- 
sive of  land. 

New  Britain  Branch — This  branch  has  been  double  tracked  and 
electrically  equipped  with  the  third  rail  system,  the  electric  service 
having  been  in  operation  since  May.  In  order  to  provide  the  electric 
power,  a  power  house  was  built  at  Berlin,  with  twelve  boilers  and 
two  engines,  part  of  which  only  is  needed  at  present.  This  power 
house  also  furnished  current  for  the  electric  service  on  the  New 
England  road  between  Hartford  and  New  Britain,  one  track  of 
which  has  been  equipped  with  the  third  rail  system. 

Clinton — Pour  grade  crossings  have  been  eliminated,  in  doing 
which  two  underneath  highway  crossings  and  one  underneath  foot- 
way have  been  built,  with  buildings,  etc.,  at  a  cost  of  about  $50,000, 
exclusive  of  land. 

WaUingford — Three  highway  grade  crossings,' about  one  mile  south 
of  the  station,  have  been  eliminated  by  the  construction  of  a  new 
overhead  crossing  and  connecting  highway,  costing  about  $15,000, 
exclusive  of  land. 

New  Haven — The  Chapel  street  crossing  of  the  Belle  Dock  branch 
has  been  changed  from  grade  to  over  the  tracks,  the  city  of  New 
Haven  doing  all  the  work,  except  lowering  the  tracks. 

ELECTRIC  RAILROADS. 

Springfield  &  Southwestern  Electric  Railroad  in  Suffield. 

Hartford  M.  &  R.  tramway  to  Rockville,  5J  miles,  $56,000. 

Torriugton  to  Winsted,  10  miles. 

Waterbury  to  Waterville,  2 J  miles. 

The  report  of  the  State  Railroad  Commissioners  shows  the  increase 
in  mileage  of  electric  railroads  during  the  year  to  be  32.68  miles  of 
main  line  and  1.1  miles  of  sidings. 
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BRIDGES. 


Hartford — One  2-span  steel  arch ;  1  stone  arch  bridge ;  1  pile 
bridge;  additions  to  stone  arch,  $39,710. 

New  Haven — ^The  Grand  avenue  bridge  over  the  Quinnipiac  River 
has  been  completed.  Cost  of  masonry  $64,484,  of  iron  work  $56,- 
451.  It  consists  of  a  swing  202  feet  and  4  spans  49 J  feet,  in  the 
clear. 

The  Chapel  street  bridge  over  the  Belle  Dock  branch  of  the  N. 
Y.,  N.  H.  &  H.,  R.  R.,  was  built  at  a  cost  of  about  $41,000,  of 
which  the  iron  work  was  about  $6,000. 

Beriin  Bridge  Company  reports  $150,000  worth  of  bridges  of 
various  kinds  erected  within  the  State. 

WATER, 

Middletoion — Additional  supply.  EaHh  dam  with  concrete  core 
wall,  Portland  cement ;  capacity  of  reservoir,  280,000,000  gallons  ; 
soil  removed  to  an  average  depth  of  6  inches  ;  pipe  line,  5  miles  of 
20-inch,  $195,000. 

Dam,  850  feet  long  j  water  at  dam,  26  feet ;  top  of  dam  5  inches 
above  water  line  ;  16  feet  wide  on  top  ;  slopes  2-1  and  2 J-1  ;  area 
of  reservoir,  130  acres. 

EockviUe — Stand  pipe  30  feet  in  diameter,  60  feet  high  ;  erected  by 
the  Aqueduct  Company,  for  high  service. 

Farmington — Repairs  to  dam  ;  concrete  corewall  50x16  feet  high, 
$325. 

East  Hampton, — Earth  dam  to  cost  $7,500. 

Newington — Two  miles  4-inch  and  6-inch  water  pipe  laid. 

New  Haven — 68,662  feet,  about  13  miles  of  pipe  laid. 

New  MHiford — Added  a  reservoir  to  the-system  at  a  cost  of  about 
$30,000. 

Waterhury — About  1  mile  of  new  mains  were  laid,  chiefly  6  and 
8-inch. 

Meriden — 6,195  lineal  feet  of  new  igains,  of  which  3,450  feet  was 
8-inch  and  the  rest  4-inch  was  laid  at  a  total  cost  of  $5,400. 

The  new  storage  reservoir  to  be  known  as  Hallmere  has  been 
complete  at  a  cost  for  this  year's  work  of  about  $50,000. 

A  new  spillway  was  built  at  Kenmere  at  a  cost  of  about  $1,100. 
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New  London — A  new  dam  and  reservoir  have  been  constructed  at 
a  cost  of  about  $14,000.  The  dam  is  of  earth,  with  concrete  core 
wall.  On  the  upstream  side  the  material  is  clay  with  slope  of  2  to 
1,  and  on  the  downstream  side  the  material  is  gravel  with  slope  of  IJ 
to  1.  The  top  width  is  12  feet.  Maximum  height  above  original 
surface  14J  feet.  Area  of  reservoir  33  acres.  Capacity  65,000,000 
gallons. 

Extensions  of  main  pipes  have  been  made  amounting  to  about 
17,000  feet  and  renewals  of  cement-lined  mains  amounting  to  about 
8,200  feet,  all  costing  about  $10,000. 

Norwich — The  Norwich  Gas  and  Electric  Company  laid  about  4 
miles  of  new  gas  mains. 

SEWERS. 

Stamford— ^fi^O  feet,  6,  8  and  10-inch,$3200 ;  1,572  feet  20-inch 
iron,  $5,000.     Outlet  to  Sound,  in  place  of  12-inch. 

Norwich — 500  feet  of  15-inch. 

WaUingford—lWO  feet  pipe  sewer,  $1,000. 

New  Bochdle — 3  miles  of  extensions  have  been  built  and  2  miles 
more  are  under  contract. 

Hartford— Al  miles  52-inch  to  10-inch,  $80,756. 

East  Hart/ord — 1  mile  pipe  sewers,  $2,200. 

RockvUle — 1,000  feet  8-inch  tile  sewer. 

Bristol— 100  feet  12-inch,  4,667  feet  8-inch,  16  manholes,  2,167 
feet  of  6-inch  underdrain,  cost  $5,250. 

Mddl€t^ion—2, 392  feet  24.inch  to  10-inch,  $5,928. 

Meriden — About  11,400  lineal  feet  of  vitrified  pipe  sewer,  almost 
wholly  8-inch,  was  laid  for  about  $22,800  ;  average  price  per  foot, 
including  rock,  $2. 

Waterbury — About  3,700  lineal  feet  of  pipe  sewer  was  laid  at  a 
total  cost  of  about  $10,000 ;  216  feet  of  48-inch  circular  brick 
conduit  and  284  feet  of  horseshoe  shape  brick  and  concrete  conduit, 
5  feet  wide  by  4J  feet  high  were  built  for  storm  water,  at  a  cost  of 
about  $4,000. 

Banbury — 3,960  lineal  feet  of  small  sewers  were  laid  at  a  cost  of 
$6,936.  The  most  interesting  work  here  was  the  completion  of  the 
new  sewage  disposal  field  at  a  cost  of  $35,000.  I  hope  that  we  will 
sometime  have  a  paper  read  descriptive  of  this  disposal  system.  It 
is  on  the  general  line  of  sand  filtration,  but  diflEers  somewhat  from 
Bristol  and  Meriden  in  the  way  the  method  is  applied. 


/ 


16  CONNECTICUT  CIVIL  ENGINEERS 

Bridgeport — $28,572  was  appropriated  for  the  sewers  built  in  1897, 
amounting  to  1.76  miles. 

New  Haven — New  Haven  laid  1.9  miles  of  various  styles  at  an  ex- 
pense of  about  $35,000. 

PAVING. 

Stamford — $15,000,  mainly  brick. 

Flainfidd  (Town) — Has  built  20,000  lineal  feet  of  macadam  road, 
16  feet  wide,  at  a  cost,  exclusive  of  gutters,  of  84  cents  per  foot, 
$16,800. 

Hartford — 44,500  square  yards  Trinidad  sheet  asphalt  $2.59  to 
$2.70;  6,694  square  yards  asphalt  block,  $3.14;  both  on  6-inch 
Portland  cement  concrete ;  prices  are  exclusive  of  jading ;  total 
cost  of  pavement,  $133,336. 

New  Haven — 11,529  square  yards  of  Mackwire  cut  brick  on  6-inch 
of  concrete  cost  $26,982;  contract  price  $1.92  per  yard  On 
Orange  street  16,590  square  yards  Sicilian  rock  asphalt  at  $3.01  per 
yard ;  total  cost  about  $56,600.  On  Trumbull  street  10,090  square 
yards  Sicilian  rock  at  $3.05;  total  cost,  $33,884.  On  Chapel 
street  24,676  square  yards  Sicilian  rock  at  $3.30  per  square  yard ; 
total  cost,  $93,737.  From  the  above  statement  it  is  seen  that  about 
$27,000  has  been  expended  this  year  on  vitrified  brick  pavement 
and  about  $184,000  on  sheet  asphalt.  The  foundations  are  de- 
scribed as  concrete,  6  inches  thick,  1  cement,  2  sand  and  4  stone,  2 
inch  cushion  layer  of  sand  and  an  asphalt  layer  2  inches  thick  when 
finished. 

Bridgeport — Sheet  asphalt  0.23  miles.  Contract  price  $2.24  for 
land  asphalt  on  6-inch  concrete  foundation. 

Waterbury — About  6,000  square  yards  of  vitrified  brick  pavement 
has  been  laid  on  a  foundation  of  6  inches  of  concrete.  The  joints 
were  filled  with  Portland  cement  grout.    Total  cost  about 

Meriden — About  6,640  square  yards  of  vitrified  brick  pavement 
was  laid  on  a  foundation  of  6  inches  of  concrete  at  a  total  cost  of 
about  $15,400. 

STATE  ROADS. 

Almost  all  of  the  members  replying  to  my  circular  letter  mention 
their  connection  with  one  or  more  pieces  of  road  improvement.  The 
greater  number  of  these  were  related  to  the  general  scheme  which 
is  bein^  assisted  by  the  State.  The  report  of  the  State  Commis- 
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sioner  shows  that  contracts  have  been  let  this  year  which  will 
require  the  payment  by  the  State  of  nearly  the  whole  appropriation 
of  $100,000. 

The  foregoing  items  relate  to  but  a  small  part  of  the  activities  of 
the  membership  of  our  Association.  It  would  be  impossible  to 
detail  the  countless  matters  which  are  referred,  in  whole  or  in  part, 
to  the  surveyors  and  engineers  of  the  State.  Many  busy  men  have 
been  hard  at  work  all  the  year  and  no  part  of  their  energy  has  been 
devoted  to  any  one  of  the  classes  of  construction  mentioned  above, 
many  do  not  engage  in  construction  work  at  all,  but  give  their 
whole  time  to  the  making  of  surveys  and  maps. 

In  general,  the  replies  received  indicate  an  improvement  in  the 
business  situation,  and  the  great  number  of  enterprises  which  are 
proposed  for  the  future  point  to  a  further  improvement.  One  firm 
reports  surveys  and  investigations  made  for  various  enterprises, 
which  will  involve  the  expenditure  of  nearly  a  million  of  dollars.  It 
seems  safe  to  predict  that  the  coming  year  will  witness  more  exten- 
sive operations  requiring  the  employment  of  surveyors  and  engineers 
than  for  a  number  of  years  past.  I  congratulate  the  members  on 
this  prospect. 

In  closing  I  wish  to  say  a  few  words  in  regard  to  the  value  of  this 
Association.  It  is  a  fact,  and  will  probably  always  be  so,  that  the 
surveyors  and  engineers  of  the  State  lead  isolated  lives,  so  far  as 
association  with  others  of  their  craft  is  concerned.  Very  few  com- 
munities furnish  a  field  for  more  than  one  or  two  of  our  profession, 
and  in  those  cities  in  which  a  number  of  us  find  employment  each 
one  usually  occupies  a  distinct  field.  This  separation  and  lack  of  in- 
tercourse tends  to  a  narrowness  and  a  failure  to  keep  up  with  the 
times  which  is  not  and  cannot  be  wholly  corrected  by  the  regular 
reading  of  our  technical  periodicals,  valuable  as  such  literature  is.  It 
is  here  that  1  believe  the  members  of  our  profession  make  their 
greatest  mistake.  This  lack  of  frequent  meeting  with  other  men 
engaged  in  similiar  pursuits  and  the  free  discussion  of  matters  of 
mutual  interest  is  liable  to  result  in  our  public  and  private  works  in 
this  State  not  being  as  well  designed  and  well  executed  as  they 
should  be.  No  one  can  keep  up  unless  he  is  in  a  position  to  see 
and  hear  something  outside  his  own  narrow  field.  And  how  can 
men  within  the  State  supply  this  need  so  easily,  and  on  the  whole 
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SO  satisfactorily  as  by  attending  State  meetings  of  their  own  associ- 
ates! I  believe,  therefore,  that  it  is  our  duty,  as  I  am  sure  it 
would  be  our  pleasure,  to  maintain  this  Association,  to  extend  its 
membership,  and  by  frequent  meetings  and  active  participation  of 
everyone  in  its  discussions  to  bring  it  to  the  highest  point  of  use- 
fulness. Let  us  all  strive  to  accomplish  something  in  this  line  this 
year. 

Mr.  Bunce,  city  surveyor  of  Hartford,  then  exhibited  a  map  of 
the  city  of  Hartford,  which  he  had  prepared,  showing  the  im- 
proved pavement  in  the  city.  This  map  is  so  arranged  in  colors 
that  one  may  tell  at  a  glance  what  kind  of  pavement  is  used  on  each 
street  as  well  as  how  much,  and  what  kind  is  ordered  for  the  ensuing 
year. 

The  meeting  then  adjourned  for  dinner. 

AFTERNOON  SESSION. 

The  afternoon  session  was  called  to  order  at  2.30. 

The  President  addressed  the  meeting  as  follows : 

I  want  to  appoint  a  committee  to  report  in  regard  to  some  sug- 
gestion for  a  summer  meeting.  I  think  we  will  be  more  likely  to 
carry  it  out  if  it  is  settled  at  this  time,  than  if  we  leave  it  for  the 
Executive  Committee  to  set  a  date  at  a  later  time.  1  would  appoint 
Messrs.  Bunce,  Augur  and  McKnight.  I  would  ask  them  to  get 
together  and  consider  the  matter,  and  make  some  suggestions  at 
this  meeting.  I  would  like  to  consult  with  them  myself.  If  any- 
body else  has  any  suggestions  they  should  feel  it  their  duty  to  give 
us  the  benefit  of  them. 

Mr.  Bunce.  I  think  if  any  member  have  any  suggestions  to 
make  as  to  objects  of  -interests  we  should  like  to  visit  this  summer 
it  would  mat/crially  assist  the  committee  if  they  would  let  us  have 
these  suggestions  to  talk  about  and  decide  upon. 

Mr.  J.  K.  Wilkes  of  New  Rochelle  N.  Y.,  then  read  a  paper  on 
the  Sewage  Precipitation  Works  at  New  Rochelle,  N,  Y.,  and  exhib- 
ited several  samples  of  water  taken  from  the  effluent  and  many 
photographs  in  and  about  the  plant. 

Mr.  T.  H.  McKenzie  of  Sou  thin  gton  then  read  a  paper  on  the 
Roaring  Brook  Water  Supply  for  the  City  of  New  Britain. 
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After  the  reading  of  the  papers  Mr.  Bunce  reported  for  the  com- 
mittee appointed  for  the  purpose  of  arranging  for  a  summer  meeting. 
We  met  this  difficulty  which  I  supposed  we  should  meet,  and  antici- 
pating, it  was  the  reason  why  I  asked  the  society  if  they  had  any 
suggestions  to  make  before  we  came  together  to  consult.  The  only 
proposition  was  the  one  suggested  by  the  President,  that  the  society 
should  sometime  during  the  summer  visit  the  new  Croton  dam.  The 
committee  were  unanimously  of  the  opinion  that  such  a  trip  would 
be  of  great  interest  to  every  member  of  the  society,  but  it  would  be 
impossible  to  make  such  a  trip  without  taking  a  good  part  of  two 
days,  and  it  was  a  question  whether  we  could  get  enough  of  the 
members  of  the  society  to  agree  to  go  on  a  trip  extending  over  two 
days,  something  we  have  never  done  yet.  The  committee  decided 
it  would  be  a  good  idea  to  bring  the  matter  before  the  Association, 
and  perhaps  ascertain  about  how  many  of  the  members  would  think 
they  could  take  such  a  trip,  as  that  would  materially  influence  us  in 
reporting  in  favor  of  it.  I  would  like  to  leave  the  matter  tempo- 
rarily for  discussion  in  the  society. 

Mr.  McKenzie.  As  I  was  not  here  at  the  time  you  were  dis- 
cussing the  matter  of  the  summer  meeting,  if  the  members  do  not 
adopt  the  Croton  Dam  trip  and  should  prefer  to  visit  the  Bristol 
filter  beds,  taking  the  trolley  to  Bristol,  I  will  furnish  teams  to  take 
them  to  Roaring  Brook.  I  would  invite  them  to  take  that  excursion 
at  my  expense. 

Mr.  Cairns.  Either  of  these  trips  would  be  interesting  and 
valuable.  It  would  seem  a  great  pity  not  to  visit  the  greatest  work 
of  its  kind  when  it  is  so  near  us.  We  could  come  together  at  Croton 
Landing  either  by  way  of  New  York  or  Fishkill.  The  dam  is  only 
two  and  one- half  or  three  miles  distant  from  the  landing.  We  could 
get  home  that  day  after  having  time  to  see  this  vast  work.  I  know 
the  work  at  Bristol  is  an  excellent  illustration  of  the  filter  system. 
There  would  also  be  an  opportunity  to  visit  the  Roaring  Brook  water 
supply.  We  could  visit  the  intake  and  perhaps  the  gate-house  at 
Shuttle  Meadow.     We  have  been  there  about  five  years  ago. 

After  considerable  discussion  it  was  voted  that  the  invitation  of 
Mr.  McKenzie  be  accepted. 

It  was  further  voted  that  the  President  and  Executive  Com- 
mittee appoint  some  day  in  September  for  a  meeting  to  visit  the 
Croton  Dam. 

The  meeting  then  adjourned. 
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The  President  has  appointed  the  following  special  committees  for 
the  ensuing  year : 

FIELD  WORK. 

COUBTLAMD  B.  DaBBOW,        A.  F.  SPBNCBB.  C.  V.  PeMDLXTOH, 

SEWERAGE. 
Chas.  H.  Bunob,  J.  E.  WiuLBs,  Gbo.  K.  Cbandau.. 

RAILROADS. 
W.  G.  Sboth.  John  T.  McRnioht,  W.  H.  0i<m8tkd. 

ROADS  AND  ROAD  MAKING. 
G.  E.  Chamdlbb,  E.  p.  Auoub,  L.  W.  Bubt. 

MASONRY. 
J.  M.  MoKbmzib,  D.  E.  Bbadlbt,  £.  H.  Phipps. 

LAW. 
Edwin  D.  Gbaybs,  £.  O.  Goss,  A.  B.  Wadswobth. 

WATEB  SUPPLY. 
L.  E.  Daboll,  Gbo.  H.  Bishop,  Wm.  E.  Johnson. 
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CHEMICAL  PRECIPITATION  WORKS  AT  NEW 
ROCHELLE.  N.  Y. 

BY  J.    K.   WILKES,   CHIEF    ENGINEER   NEW  ROCHELLE    SEWER  COM- 
MISSION. 


This  article  is  intended  to  be  a  sequel  to  the  one  read  before  this 
Association,  January  8,  1895.  It  gives  in  brief,  a  more  complete 
and  up-to-date  description  of  the  works  and  our  experience  in  oper- 
ating them  since  that  time. 

It  is  conceded  that  the  treatment  of  sewage  by  chemical  precipita- 
tion, and,  we  might  add  perhaps,  by  other  methods,  is  as  yet  some- 
what of  an  experimental  nature.  In  this  progressive  age,  certain 
facts  in  this  line  have  been  established  by  investigation,  experiment 
or  experience,  but  much  more  yet  remains  to  be  done,  and  more 
facts  established  or  proved  before  we  can  consider  that  we  have 
neared  perfection. 

In  nearly  all  the  precipitation  works  constructed  in  this  country, 
at  least,  I  have  observed  that  minor  modifications  of  the  original 
ideal  methods  of  treatment  have  been  made  from  time  to  time,  and 
in  many  instances,  the  apparatus  or  machinery,  little  as  it  is,  has 
been  replaced,  or  at  least  modified  in  some  manner  to  meet  certain 
unexpected  and  unforseen  conditions. 

These  changes  have  also  been  largely  the  result  of  expenment, 
and  due  to  the  endeavor  to  secure  better  results  more  simply  and  at 
less  cost. 

We,  like  others,  have  experimented  in  certain  directions  and  have 
made  some  alterations. 

The  No.  4 J  ** quadruple''  sludge  pump  (see  page  57,  Trans. 
1895)  proved  a  failure.  It  was  no  fault  of  ours.  This  pump  was 
of  the  steam  vacuum  type  and  appeared  to  be  a  double  pulsometer. 
Onr  machinery  specifications  called  for  a  5-inch  centrifugal,  but  the 
contractor  for  this  part  of  the  work  also  stated  in  his  proposal  that 
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he  would  place  in  position,  complete,  a  *' quadruple ' '  pump,  guar- 
anteeing it  to  do  certain  specified  work  for  considerably  less  price  than 
any  of  the  bids  which  we  received  for  a  centrifugal  and  its  engine. 
In  case  it  failed,  it  was  to  be  removed  at  his  own  expense.  As  the 
pump,  if  it  had  proved  successful,  would  have  had  no  doubt,  some 
merits  as  a  sludge  pump,  and  as  the  trial  cost  us  nothing,  we  decided 
to  try  it.  As  a  result,  the  inventor  or  manufacturer  had  several  hun- 
dred pounds  of  old  iron  for  sale  which  we  are  still  very  carefully  stor- 
ing for  him  in  one  corner  of  our  yard.  It  was  replaced  with  a  5-inch 
centrifugal,  located  in  a  square  pit  in  one  corner  of  the  engine  room, 
and  is  connected  to  a  10  horse  power  vertical  engine.  Since  the 
installment  of  this  pump  no  difficulty  whatever  has  been  experienced. 
It  is  primed  by  a  steam  ejector,  no  foot  valve  being  used  at  the  end 
of  the  suction.  The  sludge  is  pumped  to  sludge  beds  and  there 
filtered,  or  rather  the  water  is  drained  out  of  it.  Generally  it  is  an 
easy  matter  to  collect  sludge  but  quite  another  and  more  difficult  or 
expensive  one  to  remove  the  water.  Sludge  presses  have  been  used 
in  some  places  and  various  devices  resorted  to.  But  our  so  called 
filter  beds  work  to  a  charm.  There  are  two,  each  22  by  74  feet. 
The  filtering  material  is  mostly  screened  coal  cinders  about  16  inches 
in  depth  underd rained  in  the  usual  manner  by  tile  pipe.  The  filtrate 
discharges  into  the  mixing  channel.  The  sludge  is  removed  from 
the  beds  as  soon  as  it  becomes  dry  enough  to  handle  and  thus  far  all 
has  been  carted  away  without  expense  to  us  and  used  as  fertilizer. 
The  demand  has  exceeded  the  supply. 

For  precipitants  we  are  now  u^ing  lime  and  copperas. 

For  a  time  after  the  completion  of  the  works  and  until  the  volume 
of  sewage  increased  so  as  to  warrant  chemical  treatment,  it  was 
allowed  to  pass  through  the  tanks  untreated.  A  fair  degree  of  puri- 
fication was  thus  efiFected  by  subsidence  alone,  due  probably  to  the 
comparatively  great  capacity  of  the  tanks. 

As  the  number  of  house  connections  with  the  sewers  increased, 
we  found  it  necessary  to  commence  the  lime  treatment,  and  later  we 
added  the  copperas.  We  experimented  with  alumino- ferric,  but 
found  that  we  could  obtain  better  results  less  expensively  with  lime 
and  copperas.  Good  chemical  treatment  requires  that  the  precipi- 
tants be  added  in  the  proper  quantities  continuously,  and  that  they 
should  be  well  mixed  uniformly  with  the  sewage  before  it  enters  the 
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tanks.  Considerable  difficulty  was  at  first  experienced  in  keeping 
the  proper  quantity  of  lime  always  up  to  the  standard  owing  to  the 
great  tendency  of  it  to  quickly  settle  to  the  bottom  of  the  mixing 
tank. 

So  far  as  I  can  learn,  at  the  several  chemical  precipitation  works 
in  this  country,  various  devices  have  at  different  times  been  tried 
or  used  to  prevent  this.  We  had  at  first,  perforated  pipes  placed  in 
the  bottom  of  the  tank  through  which  the  city  water  discharged 
under  a  pressure  of  about  60  pounds  per  square  inch.  This  created 
considerable  agitation,  but  was  not  entirely  satisfactory  as  the  lime 
still  required  frequent  stirring  by  the  attendant,  in  fact  so  much  so, 
that  it  required  a  large  portion  of  his  time  to  attend  to  the  lime  tank 
alone.  We  are  now  using  two  **  agitators,''  each  12  inches  in  diam- 
eter. These  consist  of  two  cross  arms  at  right  angles  to  each  other, 
each  bearing  a  steel  blade  which  is  inclined  to  the  path  of  rotation 
exactly  on  the  same  principle  as  an  electric  fan  or  a  screw  propeller. 
They  are  of  course  submerged  in  the  lime  mixing  tank  and  each  is 
attached  to  a  vertical  shaft  which  in  lurn  is  connected  by  round 
leather  belting  to  a  Backus  water  motor.  The  water  used  by  the 
motor  discharges  into  the  lime  tank  thereby  keeping  it  full.  The 
overflow  carrying  the  lime  with  it  discharges  into  the  mixing  channel, 
the  water  serving  two  purposes. 

To  produce  a  uniform  and  quick  solution  of  copperas  another 
^^  agitator  ''  is  placed  in  the  copperas  tank. 

While  this  apparatus  is  not  wholly  automatic  and  perfect  in  its 
working,  we  call*  it  a  success.  It  will  furnish  a  continuous  and 
fairly  uniform  mixture  of  the  lime  and  water  for  about  three  hours 
with  but  little  attention.  After  that  time,  the  larger  lumps  of  lime 
remaining  at  the  bottom  of  the  tank  should  be  broken  up  or  re- 
placed with  fresh  lime  from  the  barrel. 

The  motor  uses  three  gallons  of  water  per  minute — one-half  a 
gallon  less  than  represented  by  the  makers. 

The  room  in  the  building  which  we  originally  intended  to  use  as  a 
storeroom  is  now  used  as  a  workshop,  and  is  fitted  with  benches, 
vise,  drilling  machine,  anvil,  and  contains  all  necessary  tools  for 
steam  and  water  pipe  fitting. 

The  estimated  population  of  that  district  or  area  in  which  the 
disposal  works  ^re  located,  is  about  4,000.     While  no  complete 
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measurements  of  the  volume  of  sewage  passing  through  the  works  in 
twenty-four  hours  have  been  made,  it  would  seem  that  400,000 
gallons  is  about  the  average. 

Chemicals  added  at  the  rate  of  three  and  one-half  grains  of  cop- 
peras and  five  and  one-half  grains  of  lime  per  gallon  of  sewage  yield 
an  effluent  which  is  clear,  colorless  and  without  odor,  and  which 
appears  to  show  but  very  little,  if  any,  tendency  toward  further  de- 
composition. 

In  order  to  attain  the  best  results  when  using  copperas,  the 
quantity  of  lime  used  should  be  properly  adjusted  to  the  amount  of 
copperas  used.  For  copperas  alone  as  a  precipitant,  is  ordinarily 
of  but  little  value.  An  amount  of  lime  sufficient  to  render  the 
mixture  of  sewage  and  copperas  alkaline  should  be  used,  thereby 
precipitating  the  iron  in  the  copperas,  together  with  the  organic 
matter  in  the  sewage. 

The  addition  of  a  few  drops  of  an  alcoholic  solution  of  phenol- 
phthalem  to  alkaline  sewage  produces  a  deep,  characteristic  red 
color.  No  such  color  is  produced  when  it  is  added  to  a  liquid  hav- 
ing an  acid  reaction. 

The  test  is  readily  applied  and  at  once  indicates  whether  or  not 
the  proper  quantity  of  lime  is  being  used. 

About  1,200  cubic  feet  of  sludge  is  removed  from  the  tanks  each 
week  in  winter  and  a  proportional  amount  for  shorter  intervals  in 
summer. 

After  allowing  a  large  percentage  of  the  water  to  drain  away 
through  the  filter  or  sludge  beds,  the  volume  of  sludge  becomes 
reduced  to  about  one-half  that  given  above,  and  is  of  such  a  consis- 
tency that  it  can  be  readily  loaded  into  carts  and  taken  away. 

The  cost  of  operating  the  works  the  past  year  has  been  $2,700,  a 
portion  of  which  cannot,  however,  be  properly  charged  to  operation 
alone. 

I  estimate  that  it  costs  about  50  cents  per  capita  per  year,  and 
think  that  if  the  volume  of  sewage  to  be  treated  was  greater,  the 
cost  per  capita  would  be  less,  as  some  items,  pw-ticularly  labor, 
would,  up  to  certain  limits,  remain  approximately  the  same. 

The  two  years  during  which  the  works  have  been  in  operation 
have  been  quite  uneventful  in  one  respect.     No  complaints  have 
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been  made  against  the  works  themselves  nor  none  in  regard  to  the 
effluent. 

No  analysis  of  the  raw  sewage  or  effluent  has  been  made.  I  am, 
therefore,  unable  to  state  what  per  cent  of  the  organic  matter  is 
removed. 

But  if  an  effluent  is  to  be  at  all  judged,  (1)  by  its  appearance, 
and  (2)  by  the  absence  of  a  tendency  of  the  remaining  organic 
matter  contained  therein  toward  further  decomposition,  it  would 
appear  that  we  are  quite  successful. 

I  have  brought  up  quite  a  number  of  photographs  of  the  works  to 
show  you  what  we  have.  One  of  these  photographs  was  taken  in  the 
winter,  and  the  other  in  the  summer  as  you  will  see  by  the  foliage 
on  the  trees.  This  photography  is  my  own  work.  I  would  recom- 
mend that  every  engineer  have  a  camera.  There  is  one  member  of 
our  commission  who  is  a  landscape  gardener.  The  lawn  is  kept 
under  the  mower  during  the  summer.  We  have  trained  ivy  to  run 
all  over  the  building.  In  summer  we  have  flower  beds  and  the 
roads  and  paths  are  well  kept.  In  the  room  we  call  an  office  we 
have  a  great  many  varieties  of  flowers  we  are  keeping  over  until  next 
spring. 

DISCUSSION. 

Mr.  Wadsworth.     What  is  the  dimension  of  the  filter  beds  ? 

Mr.  Wilkes.  22ft.x74ft.  We  have  two  filter  beds  and  five 
precipitation  tanks. 

Mr.  Wadsworth.  What  is  done  with  the  water  from  the  filter 
beds  after  filtration  t 

Mr.  Wilkes.  It  is  run  through  the  precipitation  tanks  again. 
We  filter  the  sludge  to  get  the  water  out  of  it.  The  effluent  from 
the  precipitation  tanks  flows  through  an  18-inch  pipe  into  Long 
Island  Sound. 

Mr.  McKenzie.  Have  you  any  maps  showing  the  relation  of  the 
works  to  adjoining  property?  Are  there  people  living  in  the 
vicinity  of  the  works  t  • 

Mr.  Wilkes.  I  have  no  maps  with  me.  Quite  a  number  of 
people  live  within  600  or  700  feet  of  the  works.  It  appears  to  be 
no  damage  to  adjoining  property.  The  sludge  is  usually  carted 
away  about  once  a  week  in  summer.     In  winter  the  sludge  some- 
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times  remains  two  weeks  or  more  before  it  is  removed.    We  have  a 
pile  now  that  has  been  accumulating  for  nearly  three  months. 

Mr.  McBLenzie.  Did  I  understand  you  that  50  cents  per  capita 
covered  all  the  expense  t 

Mr.  Wilkes.     Yes,  sir. 

Mr.  Pierson.  Does  this  water  (showing  bottles  of  samples  of 
purified  sewage  exhibited  by  Mr. Wilkes)  come  from  the  filter  bed! 

Mr.  Wilkes.  No,  sir.  This  is  the  effluent  from  the  precipita- 
tion tanks.     The  purified  sewage. 

Mr.  McKenzie.  What  becomes  of  the  water  that  is  drawn  out 
of  the  sludge  ? 

Mr.  Wilkes.  The  filter  beds  are  all  underdrained  by  tile,  which 
carry  the  filtrate  back  into  the  precipitation  tanks. 

Mr.  Palmer.     Are  the  lime  and  the  copperas  mixed  together! 

Mr  Wilkes.  They  are  mixed  separately,  and  the  lime  is  added 
to  the  sewage  first,  afterward  the  copperas  is  added. 

Mr.  McKenzie.     Is  all  the  work  performed  by  two  men? 

Mr.  Wilkes.     Yes,  sir. 

Mr.  Cairns.  Would  your  experience  lead  you  to  believe  that  as 
the  works  were  operated  on  a  larger  scale,  the  cost  per  capita  could 
be  reduced,  and  to  what  extent  do  you  think  it  could  be  reduced! 

Mr.  Wilkes.  I  could  not  answer  that  question  definitely,  but  I 
think  it  could  be  reduced  to  35  or  40  cents  per  capita,  provided  you 
always  operated  your  works  in  the  same  way  we  are  operating.  One 
great  expense  of  operating  sewage  disposal  works  of  this  kind  is  the 
expense  of  getting  the  water  out  of  the  sludge.  In  some  other 
places  they  remove  the  water  by  presses.  That  is  expensive.  I 
think  if  you  could  get  the  water  out  as  we  do,  the  cost  per  capita 
could  be  reduced  to  35  or  40  cents. 

Mr.  Cairns.  Your  opinion  would  agree  with  the  experience  at 
Worcester.  It  was  my  fortune  to  be  up  there  three  or  four  weeks 
ago  and  I  was  given  every  opportunity  to  inspect  the  works  and  the 
records  that  have  been  made  there.  They  said  that  for  the  last  year 
it  was  costing  about  35  cents  per  capita.  There  must  be  many 
items  that  make  up  this  cost  in  various  places.  I  was  interested  in 
their  water  consumption.  They  are  using  only  about  sixty  gallons 
per  capita.  A  great  many  of  our  cities  are  using  three  times  that 
amount.     I  have  been  informed  that  the  cost  of  precipitation  was  in 
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proportion  to  the  amount  of  water  to  be  handled.  Certainly  the 
first  cost  would  be  effected  by  it.  Another  interesting  thing  was 
this  :  The  last  decision  of  the  courts  in  their  sewage  disposal  liti- 
gation was  that  the  effluent  was  not  satisfactory,  and  they  have  been 
obliged  to  buy  a  large  additional  tract  of  land,  and  they  are  preparing 
a  number  of  large  filter  beds  over  which  the  sewage  must  be  passed. 
They  say  that  chemical  precipitation  rfemoves  only  about  50  per  cent 
of  the  impurities,  and  the  court  holds  that  is  not  sufficient  purifi- 
cation. I  suppose  the  works  have  been  as  well  managed  as  works 
of  that  kind  could  be  and  the  result  to  them  is  rather  discouraging. 

Mr.  Wilkes.  We  have  one  advantage.  Our  effluent  is  dis- 
charged into  a  large  body  of  water,  (Long  Island  Sound)  while 
theirs  is  discharged  into  the  Blackstone  River  which  is,  I  under- 
stand, taken  for  a  water  supply  further  down.  Therefore  it  is  not 
so  essential  that  we  remove  all  the  organic  matter.  I  do  not  think 
it  is  possible  to  remove  by  chemical  precipitation  alone,  more  than 
about  50  per  cent. 

Mr. .     Do  you  remove  any  dye  stuflFs  or  acids? 

Mr.  Wilkes.  No,  sir.  There  is  very  little  manufacturing  in  our 
town. 

Mr.  Chandler.  Is  it  true  that  the  Blackstone  Biver  is  used  as 
a  water  supply  t 

Mr.  Cairns.  I  did  not  understand  it  was,  except  as  a  water 
power,  not  as  a  supply  of  potable  water. 

Mr.  Wilkes.  I  did  not  intend  to  convey  the  idea  that  the  Black- 
stone River  below  Worcester  was  used  as  a  source  of  potable  wat«r. 
It  is  used,  I  believe,  for  manufacturing  or  mill  purposes. 

Mr.  Wadsworth.  Would  you  recommend  your  system  for 
inland  towns  where  the  water  is  used  by  cattle! 

Mr.  Wilkes.     Intermittent  filtration  would  be  better. 

Mr.  Wadsworth.  It  seems  to  me  sand  filtration  would  be 
better.     What  degree  of  dryness  of  the  sludge  do  you  obtain  ? 

Mr.  Wilkes.  It  becomes  dry  enough  to  shovel.  The  consistency 
of  ordinary  wet  or  moist  earth. 

Mr.  Olmsted.     Do  you  renew  the  filter  beds  occasionally! 

Mr.  Wilkes.  We  do.  When  the  filter  becomes  reduced  in 
thickness  by  repeated  cleanings  and  scrapings  we  put  on  a  new  coat 
of  screened  coal  cinders. 
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Mr.  Loomis.  Does  the  copperas  destroy  the  fish  at  the  point 
where  the  effluent  discharges  t 

Mr.  Wilkes.     I  think  not.     It  is  good  fishing  in  that  vicinity. 

Mr.  McKenzie.     Can  yon  give  ns  the  cost  of  the  works! 

Mr.  Wilkes.     Approximately,  $20,000. 

Mr.  McKenzib.     What  is  the  location  of  your  works  t 

Mr.  Wilkes.  Our  works  are  situated  in  the  valley  of  a  small 
stream  that  discharges  into  Long  Island  Sound  and  at  a  point  about 
5,000  feet  from  tide  water. 

Mr. .     What  is  paid  for  the  sludge  t 

Mr.  Wilkes.     Nothing.     It  is  given  away. 

Mr. .     Is  the  sludge  of  any  real  value  as  a  fertilizer  ? 

Mr.  Wilkes.  I  do  not  know.  I  have  seen  a  number  of  fields 
upon  which  it  has  been  applied  over  the  entire  surface.  I  do  not 
know  what  comparative  showing  the  crops  would  make  if  it  was  not 
applied  to  a  portion  of  the  fields. 

Mr.  Wadsworth.  I  have  been  told  the  farmers  appreciate  it 
for  manure.     Some  use  it  on  their  lawns. 

Mr. .     Are  not  the  works  at  East  Orange  abandoned  t 

Mr.  Wilkes.  I  understand  that  at  one  time  the  question  of 
discontinuing  the  works  and  building  a  trunk  sewer  to  the  sea  was 
considered.  I  do  not  know  whether  the  plan  has  been  or  will  be 
carried  out  or  not.  The  reason  we  did  not  adopt  the  irrigation  or 
intermittent  filtration  method  in  New  Rochelle  was  the  fact  we  have 
no  areas  of  sandy  or  gravelly  land.  We  had  to  adopt  this  form  of 
works. 

Mr  Cairns.     Would  you  recommend  it  for  use  in  inland  towns  ! 

Mr.  Wilkes.  Generally,  no.  Only  for  places  located  as  we 
are.  But  where  there  is  no  possibility  of  economically  purifying 
sewage  by  other  methods  it  might  be  the  only  way. 

Mr  Cairns.  When  you  consider  the  state  of  our  Connecticut 
streams  and  the  enormous  quantity  of  acid  from  the  mills,  I  donH 
think  the  little  stuff  from  a  precipitation  works  would  cut  much  of 
a  figure.  There  must  be  thousands  of  tons  of  acid  turned  into  the 
Naugatuck  River  from  the  brass  mills. 

Mr.  Wadsworth.  Would  you  recommend  turning  the  filtration 
of  the  New  Britain  sewage  into  Piper  brook  1 
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Mr.  Cairns.  I  should  want  to  be  well  paid  for  any  opinion  on 
that  subject. 

Mr.  Chandler.  I  think  that  if  anybody  is  annoyed  by  the  pre- 
cipitation it  is  the  people  themselves. 

Mr.  Augur.  I  don't  wish  to  ask  the  gentleman  to  disclose  any 
valuable  secrets,  but  I  want  to  ask  him  if  gold  could  be  obtained  in 
paying  quantities  1 

Mr.  Wilkes.  I  have  made  no  experiments  in  that  line,  but  I 
will  experiment  immediately. 

Mr.  McKnight.  Do  you  know  places  where  this  system  is  used, 
where  they  have  had  trouble  t 

Mr.  Wilkes.     I  think  they  have  at  Worcester. 

Mr.  McKnight.  Do  you  think  their  trouble  is  due  to  the  nature 
of  the  sewage  itself  ? 

Mr.  Wilkes.  I  think  not.  They  are  doing  as  well  as  possible. 
At  Worcester  the  copperas  is  in  the  sewage. 

Mr. .     Is  the  difficulty  in  getting  out  a  sufficiently  large 

per  cent  of  impurities,  due  to  the  nature  of  the  sewage  itself,  being 
mixed  with  dye  stuffs,  chemicals,  etc.t 

Mr.  Wilkes.    I  think  not. 

Mr.  Burt.  It  has  been  stated  that  a  large  amount  of  acids  that 
are  used  by  manufacturers  run  into  the  small  streams.  If  a  proper 
'admixture  were  made  with  these  chemicals  where  they  are  used  in 
manufacturing  would  it  not  tend  to  produce  similar  results  to  what 
you  have  obtained  f 

Mr.  Wilkes.  I  think  it  would.  Copperas  alone  as  a  precipi- 
tant is  of  but  little  value,  but  sewage  that  contains  certain  chemicals 
might  be  treated  as  you  suggest. 

Mr.  Olmsted.  A  great  deal  has  been  written  on  the  subject  of 
pollution  of  streams  and  on  ways  to  prevent  it,  and  yet  the  results 
so  far  reached  show  that  streams  are  still  polluted  by  the  effluent 
of  disposal  works  and  all  our  efforts  to  secure  an  adequate  remedy 
have  failed. 

An  engineer  who  proposes  a  system  of  sewage  disposal  that  pol- 
lutes water  courses,  takes  his  reputation  in  his  hands.  Still  the 
fact  remains,  we  must  get  rid  of  our  sewage,  and  the  only  effective 
system  is  to  turn  it  into  our  water  courses.  I  don't  know  where  we 
will  land.     It  reminds  me  of  a  conversation  with  Mr.  James  B. 
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Olcott  of  South  Manchester,  who  has  the  Government  Grass  Farm 
at  his  place.  I  mentioned  the  fact  that  I  had  planned  a  sewer 
system  for  our  town  and  hoped  to  put  it  into  operation  sometime. 
He  said :  **  What  are  you  going  to  do  with  the  sewage!  ''  I  said  : 
*  *  Turn  it  into  the  Connecticut  River. ' '  ''  DonH  you  do  it. ' '  * '  Why 
nott  '*  **  It  will  send  you  straight  to  hell  if  you  do.'*  We  have 
got  to  stand  the  opprobrium  if  we  do  it. 

Mr.  Burt.  Just  a  word.  It  seems  to  me  in  view  of  these 
experiments  in  this  matter  and  carrying  out  the  line  of  thought  Mr. 
Olmsted  had  in  mind,  it  would  be  eminently  proper  to  exhaust  every 
means  for  a  gravity  system  before  adopting  any  lines  of  chemical 
precipitation  or  filtration.  The  gravity  system  is  the  most  simple 
and  is  known  to  be  effective.  The  laying  of  pipe  for  a  very  great 
length  and  meeting  obstacles  in  the  way  is  a  considerable  expense, 
but  such  a  system  when  done  is  certain  and  effective. 
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REMARKS  ON  THE  ROARING  BROOK  WATER  SUP- 
PLY FOR  THE  CITY  OF  NEW  BRITAIN. 

BY  T.  H.  Mckenzie,  c.  e.,  resident  engineer  for  the  city  op 

NEW  BRITAIN. 


When  Mr.  Cairns,  the  president  of  the  society  requested  me  to 
give  to  this  meeting  an  account  of  the  work  now  in  progress  on  the 
Bearing  Brook  Water  Supply  for  the  city  of  New  Britain,  I  prom- 
ised to  make«a  few  remarks,  outlining  briefly  the  work  in  progress, 
illustrated  by  such  working  profiles  and  maps  as  I  might  have  at 
hand. 

In  March  last  it  became  apparent  to  the  Water  Commissioners  of 
New  Britain  that  they  must  secure  an  additional  water  supply  for 
the  city. 

Mr.  Dunham  the  city  engineer,  was  engaged  to  take  levels  to 
determine  the  practicability  of  bringing  water  by  gravity  from 
Bearing  Brook  on  Wolcott  Mountain.  Mr.  Dunham  reported  that 
the  scheme  was  feasible. 

The  writer  was  then  engaged  to  make  further  surveys  confirming 
the  report  of  Mr.  Dunham,  also  to  prepare  approximate  estimates 
of  the  cost  and  such  preliminary  plans  as  might  be  necessary  to 
secure  a  charter  from  the  Legislature  for  the  construction  of  the 
works. 

The  granting  of  the  charter  was  strongly  opposed  by  the  mill 
owners  located  on  the  stream  below  the  point  of  taking,  but  after  a 
long  and  hard  fought  battle  in  the  Legislature  the  charter  was 
granted.  The  only  question  involved  was  the  rights  of  the  public  to 
appropriate  water  for  public  uses  which  was  used  by  the  manufac- 
turers for  power  purposes. 

The  charter  was  passed  by  both  houses  and  signed  about  June 
20th,  and  it  was  decided  to  proceed  immediately  with  the  surveys, 
plans  and  construction  of  the  work.     Percy  M.  Blake  of  Boston  was 
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engaged  as  chief  engineer,  and  the  writer  as  resident  engineer  in 
charge  of  surveys  and  construction  of  the  work. 

During  the  past  summer  surveys  have  been  made  for  the  purpose 
of  locating  the  main  pipe  line  and  to  ascertain  the  most  desirable 
location  for  a  storage  reservoir  on  Wolcott  Mountain,  and  for  a  dis- 
tributing reservoir  or  intake  (as  it  is  more  properly  called)  to  be 
located  on  the  slope  of  Wolcott  Mountain  at  an  elevation  of  155  feet 
above  the  outlet  end  of  the  pipes. 

An  examination  of  the  State  Topographical  map  on  which  I  have 
sketched  the  location  of  the  reservoirs  and  the  pipe  line,  will  aid  you 
in  arriving  at  a  clearer  understanding  of  the  situation  of  the  old  and 
new  supplies. 

Shuttle  Meadow  Lake  the  present  source  of  water  supply  for  the 
city  of  New  Britain,  lies  southwesterly  from  the  city  and  distant 
about  two  and  one-quarter  miles,  at  an  elevation  of  175  feet  above 
the  city.  It  is  an  artificial  lake  impounded  by  a  dam  20  feet  in 
height  from  the  bed  of  the  stream  to  the  crest  of  the  waste  way. 
It  has  a  surface  area  of  about  200  acres  and  a  capacity  of  1,700,- 
000,000  gallons. 

The  total  area  of  watershed  now  tributary  to  the  lake  is  two  and 
one-half  square  miles.  One  square  mile  of  which  was  naturally 
tributary,  the  remainder  has  been  made  artificially  tributary  by 
means  of  canals. 

The  work  now  in  progress  for  increasing  the  water  supply  provides 
for  taking  the  water  from  Roaring  Brook  on  Wolcott  Mountain  about 
six  miles  westerly  from  Shuttle  Meadow  Lake,  the  area  of  watershed 
tributary  to  the  brook  at  the  point  of  diversion  is  about  two  and  four- 
tenths  square  miles.  This  shed  is  situated  at  an  elevation  of  580 
feet  above  the  valley  of  the  Eight  Mile  River,  and  350  feet  above 
the  divide  or  ridge  near  to  and  over  which  the  pipe  line  must  pass  to 
Shuttle  Meadow  Lake. 

A  favorable  site  is  found  on  Wolcott  Mountain  for  a  large  storage 
reservoir,  but  the  elevation  is  too  great  to  allow  of  taking  the  water 
into  the  pipes  at  this  point,  the  plans  therefore  provide  that  the 
westerly  end  of  the  pipe  line  shall  terminate  at  a  small  masonry  dam 
or  intake  on  the  slope  of  the  mountain,  the  crest  of  the  intake  to  be 
155  feet  above  the  divide  at  Shuttle  Meadow  Lake,  allowing  for  a 
fall  in  the  hydraulic  grade  line  of  25  feet  per  mile. 
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The  water  will  be  conveyed  by  a  double  line  of  20- inch  pipe,  six 
miles  in  length. 

In  describing  the  pipe  line,  I  will  begin  at  the  easterly  end  at  the 
divide  which  is  1,200  feet  distant  from,  and  35  feet  above  the  lake ; 
from  this  point  the  ground  falls  abruptly  to  Patton  Brook,  crossing 
this  valley  for  about  one  mile  the  pipes  will  be  under  360  feet  head, 
thence  the  line  crosses  over  a  hill  100  feet  in  height  to  the  valley  of 
the  Quinnipiac  River,  crossing  this  valley  the  pipes  will  be  under  a 
head  of  400  feet,  equal  to  173  pounds  pressure  per  square  inch, 
thence  crossing  the  Eight  Mile  River  the  head  will  be  366  feet  or 
158  pounds  pressure. 

On  three  and  one-half  miles  of  the  line  the  pressure  will  range 
from  150  to  173  pounds  pressure  per  square  inch. 

We  have  been  very  fortunate  in  securing  an  excellent  line  through 
what  may  be  classed  as  a  rough  and  undulating  country  ;  by  the  con- 
struction of  some  embankments  of  moderate  height  we  have  been 
able  to  secure  smooth  and  straight  slopes,  both  the  horizontal  and 
vertical  bends  will  be  made  with  curved  pipe  so  that  in  all  joints  the 
spigot  ends  of  the  pipe  will  butt  square  against  the  hubs. 

The  pipe  grades  are  so  laid  that  there  will  be  but  three  summits 
and  four  depressions  in  the  entire  line,  these  will  be  properly  vented 
by  air  valves  and  blow-offs. 

There  will  be  eleven  ci*oss  connections  placed  at  intervals  of  about 
one-half  mile. 

I  have  here  a  sketch  showing  the  arrangement  of  the  gates  and 
blow-off  pipes  at  the  cross  connections.  The  gates  are  so  located 
that  either  section  of  the  pipes  may  be  used  or  drained  as  the  neces- 
sities may  require. 

The  plans  for  the  valves  have  not  been  fully  matured,  but  it  is 
expected  that  the  20-inch  gates  will  be  geared,  and  those  under  a 
heavy  pressure  provided  with  a  by-pass. 

At  the  influent  end  of  the  pipes  the  entrance  head  will  be  increased 
by  a  30-inch  pipe,  passing  through  the  dam  and  connecting  by  a 
breeches  pipe  with  the  double  line  of  20-inch  pipe  which  extends  to 
the  divide  600  feet  above  the  outlet  at  Shuttle  Meadow,  where  the 
pressure  will  be  reduced  by  flowing  the  remaining  600  feet  through 
a  30-inch  pipe  laid  on  a  light  grade. 

The  30-inch  pipe  has  about  10  per  cent  more  capacity  than  the 
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two  20-inch  and  will  considerably  reduce  the  force  of  the  water 
before  delivery  into  the  receiving  basin  at  the  terminal. 

I  have  here  a  photograph  showing  the  receiving  basin  j  it  is  about 
50  feet  in  length  widening  from  the  end  of  the  30-inch  pipe  to  30 
feet  at  the  rollway  of  the  small  dam  about  5J  feet  in  height.  This 
dam  sets  the  water  back  and  creates  a  pond  of  slack  water  into  which 
the  effluent  water  falls  from  the  30-inch  pipe.  After  pouring  over 
the  dam,  the  water  follows  a  paved  channel  30  feet  in  width  for  a 
distance  of  500  feet  to  Shuttle  Meadow  Lake. 

There  are  three  classes  or  weights  of  pipe  to  be  used  under  the 
various  heads.  Those  to  be  used  under  the  heaviest  pressure  are 
1^  inches  in  thickness,  5  inches  depth  of  socket  and  J-inch  joint 
room,  the  sockets  are  double  grooved.  The  weight  of  this  class  of 
pipe  is  about  3,000  pounds  per  length  or  250  pounds  per  linear  foot. 

All  pipes  are  tested  under  a  pressure  of  300  pounds  per  square 
inch  and  are  carefully  inspected  while  under  pressure  by  an  inspector 
in  the  employ  of  the  city. 

I  have  here  a  sketch  showing  a  section  of  embankment  for  carry- 
ing the  pipes  across  the  swampy  ground  and  river  bottoms.  The 
total  length  of  embankments  at  the  level  of  pipe  line  grade  is  about 
one  and  one-quarter  miles.  These  embankments  are  to  be  built  to 
the  level  of  the  top  of  the  pipe  previous  to  the  lajnng  of  the  pipe, 
and  afterwards  filled  to  a  height  of  4  feet  above  the  top  of  the  pipe. 

The  embankments  are  now  under  construction.  They  are  built 
in  level  courses  and  consolidated  by  the  teams  passing  over  them, 
and  will  be  settled  by  the  frosts  and  spring  rains  ready  for  pipe 
laying  by  midsummer. 

So  far  as  I  have  been  able  to  learn  this  is  the  only  instance  where 
water  has  been  carried  in  cast-iron  pipes  under  a  head  exceeding 
300  feet.  On  the  Pacific  slope  there  are  several  places  where  water 
is  carried  in  wrought  iron  and  steel  pipes  under  heads  ranging  from 
900  to  1,200  feet,  but  most  if  not  all  of  these  pipes  deliver  from  a 
free  open  end  with  no  valves  or  obstructions  on  the  line  so  that  they 
will  not  be  subjected  to  the  full  static  head.  There  can  be  no  rea- 
sonable doubt  but  that  the  works  as  planned,  if  properly  constructed 
and  carefully  operated  will  perform  their  duty  for  a  century. 

The  tendency  of  late  years  has  been  to  cheapen  the  first  cost  of 
construction  of  water  works  by  resorting  to  pumping  rather  than  to 
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seek  less  pointed  supplies  in  more  remote  regions  and  convey  the 
water  long  distances  by  gravity ;  but  at  the  present  prices  of  cast-iron 
,  pipe  and  the  low  rates  of  interest  which  prevail,  the  capitalized  cost 
of  pumping  from  a  nearer  supply  will,  in  most  instances,  far  exceed 
the  cost  of  a  gravity  system  similar  to  the  one  here  described,  and 
the  chances  of  accident  to  the  machinery  and  consequent  interrup- 
tion of  the  service  are  much  greater  with  pump  supplies  than 
gravity  supplies. 

DISCUSSION. 

Mr.  Burt.     What  is  the  greatest  height  1 

Mr.  McKenzie.  400  feet.  The  curves  both  vertical  and  hori- 
zontal are  laid  to  fit  into  the  regular  6^  and  10°  pipe. 

Mr.  Burt.  Does  that  apply  to  the  curvature  of  the  vertical  as 
well  as  horizontal  pipe  f 

Mr.  McKenzie.     Yes,  sir. 

Mr.  Burt.  You  get  about  1,000  feet  radius  in  a  vertical  as  well 
as  horizontal  curve  ! 

Mr.  McKenzie.    Yes,  sir. 

Mr.  Burt.     These  castings  were  made  on  that  plan  of  course. 

Mr.  McKenzie.  Yes,  sir.  There  is  a  double  groove  and  the  lead 
will  follow  the  hollow  of  the  groove.  This  depth  of  socket  is  much 
more  than  ordinary.  It  takes  about  55  pounds  of  lead  to  a  socket, 
where  the  ordinary  is  only  about  37  pounds.  There  is  about  one- 
third  more  lead  in  these  joints  than  in  the  ordinary  joints  and  one- 
third  more  depth. 

Mr.  Burt.  What  is  your  method  of  making  the  joints  and  run- 
ning the  lead  ! 

Mr.  McKenzie.     The  ordinary  way. 

Mr.  Chandler.  I  would  like  to  ask  about  the  pipe  line  routes 
and  how  much  they  cost. 

Mr.  McKenzie.  We  have  taken  uniformly  50  feet  of  way,  except 
where  we  bought  by  warranty  deed  at  the  two  terminals.  Where 
the  embankments  are  high  we  have  taken  80  feet.  The  entire  route 
has  cost  $5,600  or  $5,700.  The  line  does  not  happen  to  run  through 
thickly  populated  sections  or  very  valuable  land. 

Mr.  Burt.     Your  deepest  cut  is  about  15  feet. 

Mr.  McKenzie.  I  think  15  feet  is  the  very  deepest.  We  have 
no  very  deep  cuts.     We  have  filled  hollows  rather  than  cut  rock. 
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Mr.  Burt.  Have  you  met  any  special  difi&culties  in  the  way  of 
crossing  swamps  ? 

Mr.  McKenzie.  We  had  no  bad  bottom.  The  greatest  depth  of 
muck  is  3  feet.  Two  rivers  are  crossed  by  bridges  of  49  and  40  feet 
span. 

Mr.  Burt.  Where  you  cross  the  mud  bottom,  do  you  support 
the  pipe  on  piles  f 

Mr.  McKenzie.     No,  sir.     We  build  embankments. 

Mr. — .     Are  these  embankments  soft  enough  for  the  pipe 

to  settle  into  ? 

Mr.  McKenzie.  No,  sir.  We  are  drawing  out  the  water  and 
then  excavating  the  mud.  After  drying  them  out  we  put  in  a  good 
foundation. 

Mr.  Burt.  It  would  appear  there  might  be  settlement  on  fresh 
earth  even  if  it  was  thoroughly  dried. 

Mr.  McKenzie.  It  is  our  expectation  that  the  embankments  will 
be  settled  by  frost  and  packed  down  by  use.  The  sides  will  be 
higher  and  most  of  them  will  be  on  a  nearly  level  grade,  so  that  the 
surface  waters  will  settle  into  them  sufficiently  and  there  will  be  no 
further  settlement  after  the  pipes  are  laid. 

Mr.  Burt.  There  is  objection  to  any  wood  work  under  it  which 
might  decay  and  allow  it  to  settle  afterwards. 

Mr.  McKenzie.  Yes,  sir.  We  require  the  contractor  to  cut  all 
stumps  close  to  the  earth.  I  have  here  a  picture  of  the  stream  as 
it  appeared  before  we  commenced  work. 

Mr.  Burt.     Was  this  taken  after  some  rain  ! 

Mr.  McKenzie.     Yes,  sir.     It  is  not  a  very  large  stream. 

Mr. .     Have  you  a  little  masonry  dam  f 

Mr.  McKenzie.    Yes,  sir. 

Mr. .     What  area  f 

Mr.  McKenzie.  18  or  19  feet.  It  was  so  steep  it  will  not  run 
more  than  40  or  50  feet.  That  shows  a  jump  oflf  of  50  feet  in  100, 
The  intake  simply  takes  .the  water  from  the  summit  of  the  mountain 
where  there  is  a  reservoir,  whence  the  water  runs  in  a  natural  chan- 
nel to  this  intake.  At  present  two  20-inch  pipes  will  take  the 
water.  The  elevation  is  190  feet  above  Shuttle  Meadow.  25  feet 
per  mile  fall  gives  a  velocity  of  4J  feet  per  second,  which  is  the 
proper  velocity  of  water, 
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Mr.  Palmer.     What  is  the  cost  of  the  iron  pipet 

Mr.  McKenzie.     $16.72  on  straight  pipe. 

Mr.  Palmer.     Ordinarily  we  pay  1^  cents  a  pound. 

Mr.  McKenzie.  We  get  a  lower  price  on  account  of  the  thick- 
ness of  the  pipe. 

Mr.  Cairns.  Has  there  been  an  estimate  made  of  the  probable 
yield  of  this  additional  watershed  f 

Mr.  Mc£^nzie.  These  things  are  matters  we  do  not  care  to  dis- 
cuss until  after  the  works  are  completed  and  in  operation.  There 
are  so  many  settlements,  I  have  avoided  that  part  of  the  question. 

Mr.  Pearson.     Are  the  mill  owners  still  contesting? 

Mr.  McKenzie.     I  suppose  they  are. 

Mr.  Burt.     Is  this  down  in  a  valley? 

Mr.  McKenzie.     Yes,  sir. 

Mr.  Pearson.     How  many  blow-oflfs? 

Mr.  McKenzie.  Some  four.  There  are  eleven  of  these  cross 
connections  from  which  water  can  be  turned  off  into  other  sections. 
You  will  notice  that  the  blow-off  has  an  8-inch  connection  with  a 
10-inch  off  the  8-inch  to  reduce  the  pressure.  It  would  be  an 
enormous  pressure.  It  is  enlarged  to  reduce  the  pressure.  The 
pipes  are  laid  about  16  inches  in  an  ordinary  channel  and  about  8 
feet  at  the  cross  connections. 

Mr. .     How  often  are  they  placed? 

Mr.  McKenzie.  There  are  eleven  of  them.  There  are  four 
summits  and  three  depressions. 

Mr. .     How  much  of  the  work  is  done  ? 

Mr.  McKenzie.  The  contracts  for  the  pipe  and  the  laying  and 
the  building  of  the  embankments  are  let,  and  the  delivery  of  the 
pipe  is  begun,  and  the  blue  line  over  the  pipe  line  indicates  the  pipes 
that  are  delivered.  The  pipes  are  laid  in  a  trench  6  feet  wide  at  the 
bottom,  the  slopes  to  be  at  the  discretion  of  the  contractor.  There 
will  be  some  five  or  six  thousand  feet  of  rock. 


42  CONNECTICUT  CIVIL  ENQWEEBS 


THE  LOSS  TO  THE  CIVIL  ENGINEER  BY  HIS  LACK 
OF  SOCIABILITY. 

BY  EDWIN  D.   GRAVES,   HARTFORD,   CONN. 


Much  has  been  written  of  late  on  the  general  subject  of  the  posi- 
tion of  the  civil  engineer  in  the  professional  and  social  worid  ;  and,  I 
believe,  it  is  a  subject  on  which  much  study  and  thought  may  still  be 
spent  to  our  great  advantage  and  profit. 

In  the  earlier  days  engineers  must  evolve  their  ideas  almost 
wholly  from  within  themselves — they  must  create.  They  had  not 
the  advantage  of  previ6us  similar  examples,  nor  of  high-class  engi- 
neering schools.  Under  these  circumstances,  it  is  but  natural  that 
only  men  of  genius  or  of  extraordinary  talent  should  become  engi- 
neers. The  great  work  executed  by  them  were  features  of  the 
country's  history,  and  the  names  of  the  men  are  again  and  again 
memorialized  in  history .  But  with  all  the  honor  bestowed  upon  them , 
we  find  that  in  their  day  their  services  were  rated  very  low  finan- 
cially. We  find  that  Watt,  in  1770,  made  a  survey  for  a  canal  forty 
miles  long,  in  cold  winter  weather,  requiring  forty-three  days'  time, 
for  which  he  received  eight  pounds,  out  of  which  he  paid  his  own 
expenses.  Afterward,  he  made  a  design  for  a  bridge  over  the  Clyde, 
five  arches,  with  a  total  water-way  of  220  feet,  founded  on  piles  on 
a  mud  bottom,  for  which  his  fee  was  seven  pounds  and  seven  shill- 
ings. 

In  these  days,  the  demands  of  the  profession  have  so  broadened 
that  countless  men  enter  the  engineering  schools  who  have  no  quali- 
fications or  talent  for  the  work.  Many  could  never  be  educated  to 
make  a  really  good  copy  of  some  great  engineer's  previous  success- 
ful work.  They  are,  however,  graduated  and  given  a  degree  and 
start  out.  They  seldom  get  far  before  they  sink  to  their  level,  but 
even  after  they  have  lapsed  into  clerks,  or  possibly  foremen,  they 
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are  still  known  as  engineers  among  their  friends.  Should  it  so 
happen  that  their  friends  have  no  other  engineer  acquaintances,  is 
it  any  wonder  that  their  opinion  of  the  profession  is  not  high  1 

Lawyers,  doctors  and  clergymen  are  more  particular.  To  practice 
law  one  must  pass  an  examination  for  admission  to  the  bar. 
Doctors  now  must  give  satisfactory  evidence  of  their  ability  before 
they  are  received  by  the  profession ;  and  clergymen  are  honored 
and  respected  now,  not  for  their  cloth,  but  for  their  brains. 

In  any  line,  however,  the  public  is  the  final  judge,  who  deter- 
mines, generally,  with  unerring  accuracy  the  real  worth  of  a  man. 

Let  us  view  our  case  for  a  moment  through  the  public  telescope : 
Prof.  Swain  recently  read  a  paper  before  the  Boston  Society  of 
Civil  Engineers,  in  which  he  discoursed  professional  standing.  He 
says,**  Engineering,  in  its  highest  sense,  is  a  learned  profession  and 
calls  for  as  great  learning  and  as  firm  a  mastery  of  scientific  princi- 
ples as  any  other.'' 

No  one  will  question  the  truth  of  this  statement,  but  the  very  ex- 
pression furnishes  the  theme  for  an  editorial  from  one  of  our  lead- 
ing dailies  which  gives  us  the  truth  straight  from  the  shoulder.  I 
will  read  it  in  part : 

*  *  Mr.  Swain  himself  seems  to  have  some  glimmering  of  this  idea, 
but  he  casts  it  aside  to  suggest  other  explanations  which  do  not 
explain  successfully.  He  says  the  engineer  is  too  often  looked  on 
as  a  skilled  artisan,  meaning  by  this  that  he  is  exposed  to  social 
prejudice.  This  is  true  for  the  reason  already  suggested.  He 
thinks  something  is  due  to  the  fact  that  engineers  associate  too 
exclusively  with  men  of  their  own  calling.  He  quotes  the  un- 
doubted fact  that  many  engineers  have  had  no  formal  education, 
but  having  begun  as  rodmen,  learned  the  use  of  instruments,  and 
the  simple  forms  of  computation  by  practice,  and  have  then  con- 
verted themselves  into  engineers  merely  by  finding  some  one  to 
accept  them  at  that  rating.  He  asks  for  a  broader  and  more 
thorough  training,  but  somehow  he  just  misses  the  fundamental 
notion  that  engineers  as  a  class  must  be  rated  according  to  the 
average  of  culture,  learning  and  character  the  class  exhibits,  and  that 
the  better  equipped  must  suffer  in  esteem  under  such  judgment.  It 
is  because  so  many  of  them  now  are  merely  skilled  artisans  that 
others  of  broad  culture  and  eminent  attainment  find  it  more  difficult 
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to  obtaiu  general  recognition  of  their  status  than  physicians  or 
lawyers  or  clergymen.  The  fact  that  a  man  belongs  to  one  of  these 
professions  implies  more  as  to  his  training  than  the  fact  that  a 
man  is  called  an  engineer.  Make  the  latter  title  depend  on  an 
equal  certificate  of  training  and  much  of  the  difficulty  will  vanish. 

**Not  all,  however.  Each  of  the  three  professions  which  have 
been  brought  into  comparison  with  that  of  engineering  involves 
much  more  social  intercourse  with  other  men  and  women  than 
usually  falls  to  the  lot  of  the  engineer.  Social  recognition  makes 
professional  recognition  easier.  Besides  this,  high  achievement  in 
one  of  these  callings  is  more  promptly,  generally,  and  appreciately 
recognized .  Few  women  have  any  knowledge  of  the  problems  with 
which  an  engineer  deals,  while  most  of  them  have  ideas  about 
medicine  or  theology  that,  at  least,  create  a  sympathetic  atmosphere. 
And  the  interest  or  indifference  of  women  has  a  deal  to  do  with 
social  recognition,  which  seems  to  be  largely  what  Mr.  Swain  has  in 
mind. 

**  These  and  other  influences,  too  numerous  to  mention,  are  in- 
volved in  the  answer  to  Mr.  Swain's  problem,  but  it  remains  true 
that  nothing  yet  proposed  explains  so  much  as  the  original  proposi- 
tion that  a  low  average  qualification  of  members  of  the  profession  is 
the  chief  difficulty,  that  its  existence  goes  far  to  justify  whatever 
disadvantage  capable  engineers  recognize,  and  that  the  remedy  is  to 
distinguish  the  thoroughly  equipped  professional  man  from  the  ex- 
rodman  on  the  same  principle  which  draws  the  broad  line  between 
educated  physicians  and  those  who  attempt  to  practice  without  go- 
ing through  the  schools.'' 

This  made  such  an  impression  on  me  that  I  clipped  it  from  the 
paper  and  kept  it  in  my  desk,  and  have  read  it,  I  venture  to  say,  a 
dozen  times. 

At  first,  I  confess,  I  was  offended ;  then  as  I  studied  the  matter,  it 
dawned  upon  me  gradually  that  it  is  very  true,  too  true,  and  is, 
on  the  principle  of  **  whom  the  Lord  loveth,  he  chasteneth,"  one  of 
the  mosj;  valuable  pieces  of  advice  we  have  ever  received,  and  from, 
I  believe,  an  entirely  disinterested  source.  Be  that  as  it  may,  it 
is  nevertheless  true  and  may  well  cause  us  to  consider  our  position. 
How  many  practicing  engineers  do  we  read  of  in  society  t  All  the 
other  learned  professions  are  there,  but  no  engineers.    But  you  say, 
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we  are  too  busy.  Then  we  must  devote  less  time  to  technical 
matters. 

How  often  do  we  hear  engineers  tell  young  boys  that  they  can 
take  a  three  years'  special  course  in  engineering  and  do  just  as  well 
in  life  as  those  who  take  a  full  course.  They  cut  oflf  all  the  language 
and  literature  and  neglect  to  round  out  and  develop  their  minds  and 
add  the  polish  and  finish  which  is  in  other  professions  imperative. 

The  lack  of  a  knowledge  of  the  English  language  is  painfully  evi- 
dent in  many  of  our  papers  and  letters.  Our  meetings  are  too  tech- 
nical, and  our  publications  are  confined  too  much  to  technical  mat- 
ters. 

We  must  be  more  social,  congenial,  and  above  all  frank  among 
ourselves  and  our  friends.  The  constant  contact  with  each  other 
and  our  fellow  men  tends  to  smooth  and  polish  our  manners  and 
minds,  and  if  we  observe  and  profit  by  our  experiences  we  gain  the 
wisdom  which  comes  from  a  multitude  of  counsellors. 

In  closing,  I  will  give  the  brighter  side  of  the  picture,  by  quoting 
from  the  addresses  of  the  Hon.  Joseph  Choate  and  President  Schu- 
man  of  Cornell  University,  on  the  occasion  of  the  opening  of  the 
new  house  of  the  American  Society  of  Civil  Engineers,  in  New 
York,  in  November.     President  Schuman  said  : 

**  Your  profession  ranks  you  with  scholars,  with  the  men  who 
practice  the  learned  vocations.  It  is  only  within  the  last  generation 
that  this  has  been  recognized.  But  now,  in  all  our  universities,  the 
oldest  as  well  as  the  newest,  schools  of  engineering  are  established, 
and  the  men  who  graduate  in  them  are  placed  on  the  same  footing 
as  the  men  who  graduate  in  what  used  to  be  called  the  learned  pro- 
fessional schools.  If  you  take,  for  instance,  the  profession  of  law, 
there  is  not  an  institution  in  the  United  States  which  gives  so  long 
a  course  for  their  graduates  as  many  of  them,  and  perhaps  most  of 
them,  require  from  the  civil  engineer.'' 

The  Hon.  Joseph  H.  Choate  on  the  same  occasion  said  : 

**  There  is  necessarily  a  close,  a  very  close  fellowship  among  all 
learned  professions.  We  are  all  alike,  studying  and  applying  laws 
to  the  uses  and  conveniences  of  mankind." 

And  so  they  both  went  on  eloquently  to  give  the  engineering  pro- 
fession its  just  due,  and  such  words  from  such  men  are  both  encour- 
aging and  elevating,  helping  to  raise  us  in  our  own  estimation  and 
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starting  trains  of  thought  which  are  invigorating.  Oar  possibilities 
are  revealed  to  us,  but  we  need  as  well  the  plain  picture  of  present 
conditions  to  show  us  what  a  stride  we  must  make  to  fulfill  these 
pleasant  predictions. 

In  closing,  let  me  ask,  as  an  incentive  to  this  effort,  how  many  of 
the  positions  involving  the  management  of  public  works  in  this 
country  are  entrusted  to  engineers.  In  municipal  affairs,  the  engi- 
neer at  the  head  of  the  board  of  public  works  is  as  rare  as  the  pro- 
verbial white  blackbird.  He  is,  by  training,  better  equipped  for  the 
work  than  any  other  man,  but  he  is  never,  or  seldom  appointed. 
He  must  continue  to  be  the  hard  working  assistant,  generally  fur- 
nishing the  brains  for  the  office  in  order  to  give  credit  to  the  poli- 
tical figurehead  over  him.  Mr.  Choate  said  the  time  would  come 
when  the  people  would  require  engineers  in  all  such  positions.  We 
can  hasten  that  happy  day  by  cultivating  our  social  side. 
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CONTRIBUTING  MEnBERS. 
HvHBT  L.  M.  Ladd,  ......  Jan.  8,  1895 

Contractor,  Norwich,  Conn. 

ACTIVE  nEMBER5. 

Edwin  P.  Avoub,  ..-.--  April,  1884 

City  Surveyor,  Middletown,  Conn. 

HKfBT  W.  Atbbs. Jan.  13,  1885 

Hartford,  Conn. 

BoswKLL  Atkihs,  ..--.-  Jan  12,  1897 

Bristol,  Conn. 

John  W.  Bacon. Jan.  1884 

'  Civil  Engineer.  Danbury,  Conn. 

Alfbbp  T.  BicKWiTH,  .....  Got.  27, 1886 

Civil  Engineer,IPerth  Amboy,  N.  J, 
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Cbablbs  Edwabd  Beach,  .....  Jan.  10,  1893 

Civil  Engineer,  West^Hartford,  Conn. 

Gbobob  H.  Bishop,  ......         Jan.  13,  1885 

Hydranlio  Engineer,  Middletown,  Conn. 

Thomas  8.  Bishop, May  31,  1893 

Engineer  with  Bassell  &  Erwin  Mfg.  Co.,  New  Britain,  Conn. 

D.  E.  Bradlbt,  ......  Jan.  9,  1894 

Assistant  Engineer,  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

D.  8.  BfiiNSifABB,  ......  April,  ^8S4 

Engineer  of  Oasatonic  Water  Power  Co.,  Birmingham,  Conn. 

Charles  O.  Bbown,  ......         Jan.  11,  1898 

City  Engineer,  Danbary,  Conn. 

Chablbs  H.  Bunob,  -  .....  April,  1884 

City  8nrveyor,  Hartford,  Conn. 

E.  L.  Bbown,  ......  Oct.  27,  1886 

Civil  Engineer,  Brockton,  Mass. 

Luthbb  W.  Bubt,  ......  Jan.  13,  1885 

Civil  Engineer,  Hartford,  Conn. 

Emil  Chablbs  Bxtschob,  .....  Jan.  10,  1893 

Central  Valley,  N.  Y. 

WiLLiAk  H.  Cabwbll,  .....  May  31,  1893 

City  Engineer,  New  Britian,  Conn. 

RoBBBT  A.  Caibns,  ...  .  .  Aag.  29,  1890 

City  Engineer,  Waterbnry,  Conn. 

Balph  B.  Cabtbb,  ......  Jan.  14,  1890 

Civil  Engineer,  35  Dey  Street,  New  York. 

Chablbs  E.  Chandlbb,  .....  April,  1884 

City  Engineer,  Norwich,  Conn. 

Edoab  Clabk,  .......  Jane,  1887 

Civil  Engineer  and  Surveyor,  Putnam,  Conn. 

WnxiAM  B.  CooHBANB,  .....  Jan.  14,  1890 

Civil  Engineer  and  Surveyor,  Stamford,  Conn. 

William  8.  Clabk,  ......  Jan.  14,  1890 

Civil  Engineer,  Meriden,  Conn . 

HubbbD.  Cabd,  ......  Oct.  24, 1895 

City  Engineer,  Willimantio,  Conn. 

R.  C.  p.  GoGOESHALL, JuHe,  188? 

Engineer  and  Superintendent  Water  Works,  New  Bedford,  Mass, 
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Gbobob  K.  OiuiiDALLk  .....  Jan.  11,  1887 

City  Snrreyor,  New  LondoD,  Conn. 

L.  £.  DiBOUi,  ......  Jan.  8,  1896 

Civil  Engineer,  New  London,  Conn. 

Hkhbt  L.  Datis,  -  -  ....  Jan.  14, 1890 

CiTil  Engineer,  Wallingford,  Conn. 

CouBTLAND  B.  Dabbow,  -  -  -  -  -  Jan.  8,  1895 

Civil  Engineer  and  Surveyor,  Waterbnry,  Conn. 

Fbbdbbiox  DbPbtrtbb,  .....  Sept.  3,  1891 

Snpt.  Shaler  &  Hall  Quarry  Co.,  Portland,  Conn. 

Bobbbt  Fbhtoh,  ..---.  Oct.  27, 1887 

Civil  Engineer,  Willimantic,  Conn. 

Fbbdbbiok  L.  Fobd,  .....  Jan.  12, 1897 

Civil  Engineer,  Hartford,  Conn. 

Edwabd  O.  Qosb,  ......  Nov.  29,  1890 

Engineer  Soovil  Mfg.  Co.,  Waterbury,  Conn. 

Enwni  D.  Gbaybs, Oct.  24,  1895 

Civil  Engineer,  Hartford,  Conn. 

Bbadlbt  H.  Hxnx,  -  .....  April,  1884 

Civil  find  Hydraulic  Engineer,  Bridgeport,  Conn. 

Bobbbt  S.  Hxtblbut,  ......       Jan.  13,  1886 

Civil  Engineer  and  Surveyor,  West  Winsted,  Conn. 

Chablbs  M.  Jabvib,  ......  April,  1884 

President  and  Chief  Engineer  of  Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 

Lawbbmob  B.  Jbnckbs,  .....  Aug.  29,  1890 

Engineer  Consolidated  B.  B.  Co.,  Stamford,  Conn. 

WnxiAM  E.  Johnson,  .....  Nov.  29,  1890 

Hydraulic  and  Civil  Engineer,  West  Hartford,  Conn. 

J.  W.  Knowlton,  ......  Jan.  11.  1887 

Bridgeport,  Conn. 

Hbnbt  J.  Ebllooo.  ......  April,  1884 

Civil  Engineer,  New  Haven,  Conn. 
Fbbdbbiok  W.  LaFobob,  .....  Jan.  13, 1885 

Civil  Engineer,  Waterbury,  Conn. 

HiBAM  G.  Looms,  .....  .  April,  1884 

Civil  Engineer,  Hartford,  Conn. 

Bobbbt  P.  Lbwis, Oct.  24, 1896 

Waterbury,  Conn. 
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^EOBOB  E.  Mamkino,  ......        Jan.  11, 1898 

Assistant  Engineer  Water  Department,  New  London,  Conn. 

J.  M.  MoEbnzib,  ......  April,  1884 

Civil  Engineer,  TalesviUe,  Conn. 

Thbodobb  H.  MoEbmzis,  .....  April,  1888 

Sanitary  and  Hydraulic  Engineer,  Sonthington,  Conn. 

John  T.  McKmioht,  ......        May  31, 1893 

Civil  Engineer,  BockyiUe,  Conn. 

Albxamdbb  D.  McLban,       *    -  -  -  -  -  Jan.  13, 1885 

Ciyil  Engineer  and  Sanreyor,  Wallingford,  Conn. 

Shbldoh  E.  Minob,  -  -  -  -  •  Sept.  25,  1886 

Greenwich,  Conn. 

William  H.  Olmstbd,  -  -  -  -  -  Jan.  14,  1890 

Civil  Engineer,  East  Hartford,  Conn. 

John  I.  Osbobnb,  •  -  -  ...  .  Jan.  12,  1886 

Civil  Engineer,  Mount  Carmel,  Conn. 

William  6.  Palmbb,  .....  Jan.  13, 1885 

Civil  Engineer  and  Surveyor,  Bridgeport,  Conn. 

Shbpabd  B.  Palmbb,  ......         Jan.  8,  1895 

Civil  Engineer  and  Surveyor,  Norwich,  Conn. 

Abthub  J.  Patton,  ---...         Sept.  12,  1889 

Civil  Engineer,  Waterbury,  Conn. 

Ebmon  M.  Pbok,  ......  Jan.  8,  1895 

Civil  Engineer,  West  Hartford,  Conn. 

WiLMAM  E.  Pbtibb, April,  1884 

Civil  and  Mining  Engineer,  Lakeville,  Conn. 

Edwabd  N.  Phblps,  ......        Jan.  13,  1891 

Civil  Engineer,  Windsor,  Conn. 

Stbphbn  C.  Pibbson,  .....  Jan.  13,  1885 

Civil  Engineer,  Meriden,  Conn. 

Edwabd  N.  Pikb,  ......         Aug.  19,  1890 

Hydraulic  Engineer,  Wakefield,  Mass. 

Edwabd  H.  Phipps,  ......  April,  1884 

President  and  Engineer  Connecticut  Patent  Water  Pipe  Co., 
New  Haven,  Conn. 

William  B.  Bidbb,  ..---.. 

Hydraulic  Engineer,  Norwalk,  Conn. 

Joseph  B.  Bidbb,  ......  Jan,  14, 1890 

Civil  Engineer,  New  York  City, 
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Abthub  W.  Rios,  .....  .       April,  1884 

CiTil  Engineer,  New  Britain,  Conn. 

Haiabbt  G.  Robinson,  .....  Jan.  11, 1898 

Hartford,  Conn. 

GsoBOB  H.  Saob,  .  -  ....  Jan.  8,  1895 

Secretary  Berlin  Iron  Bridge  Co*,  East  Berlin,  Conn. 

Ralph  J.  Sabir,  ......  April,  1884 

Engineer  and  Snryeyor,  Pomfret,  Conn. 

William  G.  Smith, April,  1884 

Ciyil  Engineer,  Waterbury,  Conn. 

Albbbt  F.  Spknobb,  ......  April,  1884 

Civil  Engineer  and  Sanreyor,  Bridgeport,  Conn. 

L.  A.  Tatlob,  -.---..  Jane,  1887 

Ciyil  Engineer,  73  Tremont  Street,  Boston,  Mass. 

Waltbb  E.  Tbubsdbll,  .....  Jan.  11,  1898 

Norwich,  Conn. 

Waltbb  Watson, -  Jan.  13,  1886 

Ciyil  Engineer,  Pittsfield,  Mass. 

A.  R.  Wadswobth,  ......  Oct.  27,  1886 

Ciyil  Engineer,  Farmington,  Conn. 

Nblson  J.  Wblton,  ......  April,  1884 

Ciyil  and  Hydraulic  Engineer,  Waterbnry,  Conn. 

JoBL  M.  Wbbklbb,  .....  .  Jnne,  1887 

Ciyil  Engineer,  Ansonia,  Conn. 

J.  K.  WiLKBs, April,  1884 

Chief  Engineer  New  Rochelle  Sewer  Commission ,  New  Roohelle,  N.  7. 

Halbbt  a.  WBAyBB, Jan.  12,  1897 

Woodstock  Conn. 
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INDEX. 


Year  I*age 

Asphalt  Roads  by  0.  H.  Bunoe 1891  36 

Assessments,  Sewerage,  by  F.  W.  Whitlock 1888  57 

Bristol  Water  Works  by  R.  D.  Barnes April  15, 1885  5 

Bridges,  Iron  with  Concrete  Floors,  by  Burr  K.  Field 1887  15 

Bath  Water  Works  by  F.  B.  Durfey 1888  32 

Bridges,  Iron,  by  Chas.  M.  Jarvis 1889  39 

Backus  Hospital  at  Norwich,  Drainage  for,  by  G.  K  Chandler 1893  39 

Bridge,  The  Middletown  and  Portland,  by  Edwin  D.  Graves 1896  22 

Bridge,  Fonndation  and  Piers  over  Thames  Biver  at  New  London  by 

Col.  J.  A.  Monroe 1889  27 

Construction  and  Cost  of  Masonry  by  T.  H.  McEenzie 1888  45 

Construction  of  Earth  Dams  by  Henry  W.  Ayers 1890  6 

Cars,  Heating  Passenger,  by  W.  E.  Pettee 1890  22 

Cast  Iron  Piles  for  Heavy  Superstructures  by  D.  E.  Bradley 1895  35 

Development  of  Drainage  Areas  for  the  Water  Supply  of  Cities  and 

Towns  by  Henry  W.  Ayers April  15,  1885  17 

Drainage,  The  Regulation  of  House  in  Norwich,  by  C.  E.  Chandler..  1886  22 

Description  of  Bath  Water  Works  by  F.  B.  Durfey 1888  32 

Dams,  Report  of  Special  Committee  on 1891  14 

Dams  Legislation,  Report  of  Special  Committee  on 1891  63 

Drainage  for  the  Wm.  W.  Backus  Hospital  and  Grounds  by  C.  E. 

Chandler 1893  39 

Duplicating  Drawings,  Methods  of,  by  Edgar  Clarke . .  1894  10 

Dam,  Failure  of  a,  and  How  It  Was  Repaired  by  A.  R.  Wadsworth . .  1894  72 
Determination  of  the  True  Meridian  from  the  Sun  by  the  Engineer's 

Transit  Without  Solar  Attachments  by  Wm.  B.  Palmer 1897  19 

Effluent  Pipe  for  Middletown  Water  Works  by  E.  P.  Augur 1888  24 

Earth  Dams,  Construction  of,  by  Henry  W.  Ayers 1890  5 

Electric  Railways  by  Wm.  G.  Smith 1895  71 

Factor  of  Safety  of  Wire  Rope,  Report  of  Committee 1889  5 

Foundations  and  Piers  of  the  Thames  River  Bridge  at  New  London 

by  Col.  J.  A.  Monroe 1889  27 

Field  Work,  Report  of  Committee  on .* 1890  7 

Farmington  Water  Works  by  A.  R.  Wadsworth 1890  35 

Failure  of  a  Dam. and  How  It  Was  Repaired,  by  A.  R.  Wadsworth.  ..1894  72 

Field  Work,  Report  of  Committee  on  1895  22 

Filtration  of  Water  for  Domestic  Uses  by  Joseph  B.  Rider 1895  59 

Floor  System  for  Factories  by  Edward  O.  Gross.  1896  66 

Ganges  Rain,  Report  of  Committee  on .1890  1 

Geology,  Its  Relation  to  Civil  Engineering  by  Huber  D.  Card 1896  36 

Highway  Bridges,  Iron,  by  C.  M.  Jarvis Sept.  25,  1895  9 

Hydrant  Service  Rental,  Value  of,  by  C.  E.  Chandler 1888  10 


INDEX.  m 

Tear  Page 

Heating  Passenger  Cars,  by  W.  E.  Pettee 18901  22 

Hydraulic  Pipes,  Remarks  on,  by  E.  H.  Phipps 1891  1 

Heavy  Pipe  Laying,  Notes  on,  by  R.  A.  Cairns 1891  24 

Highway  Improyement  Laws,  A  Comparison  of,  by  C.  E.  Chandler.. 1896  4i 

Highways  Improved  in  Conoeoticnt,  by  E.  P.  Augur 1896  60 

Iron  Highway  Bridges  by  C.  M.  Jarvis Sept.  25,  1896  9 

Interlocking  as  Applied  to  Railway  Switch  and  Signal  Systems  by 

Edwin  A.  Hill Sept.  25,  1885  16 

Iron  Bridges  with  Concrete  Floors  by  Burr  K.  Field 1887  15 

Iron  Buildings  by  Chas.  M.  Jarvis 1889  39 

Inspection  of  Dams,  Report  of  Committee  on 1890  49 

Improved  Highways  in  Connecticut  by  E.  P.  Augur  1896  50 

Intercepting  Sewer  of  Hartford  by  C.  H.  Bunce 1897  37 

Incandescent  Arc  Light,  The  New,  by  C.  H.  Bunce 1894  52 

Laws,  Report  of  Committee  on 1891  113 

Light  for  Night  Work,  A  Good,  by  E.  P.  Gardner. 1893  30 

Middletown  Water  Works,  An  Effluent  Pipe  for  by  E.  P.  Augur 1888  24 

Method  of  Plotting  by  Rectangular  Coordinates  by  F.  W.  Whitlock  1888  36 

Masonry,  A  Proper  Construction  and  Cost  of,  by  T.  H.  McKenzie...t888  45 

Masonry,  Report  of  Committee  on 1891  80 

Meriden,  Sewerage  System  of,  by  W.  8.  Clarke 1893  7 

Methods  of  Duplicating  Drawings  by  Edgar  Clarke 1894  10 

Mill  and  Shop  Construction  by  B.  K.  Field 1894  75 

Middletown  and  Portland  Bridge  by  Edwin  D.  Graves 1896  22 

New  London  Outfall  Sewer  by  George  K.  Crandall 1893  32 

New  Britain  Water  Works  Reservoir  by  Percy  M.  Blake 1894  30 

New  Britain  Reservoir  and  Dam  by  T.  H.  McEenzie 1894  41 

New  Works  for  an  Increased  Water  Supply  for  the  City  of  Waterbury 

byR.  A.  Cairns 1894  64 

Notes  on  Heavy  Pipe  Laying  by  R.  A.  Cairns 1895  24 

Norwich  Waterworks  by  C.  E.  Chandler 1895  42 

New  Rochelle  Sewage  Disposal  Works  by  J.  K.  Wilkes * 1895  61 

New  Britain  Water  Supply  from  Roaring  Brook  by  T.  H.  McKenzie  1898  34 

New  Rochelle  Sewage  Disposal  Works  by  J.  K.  Wilkes 1898  21 

Outfall  Sewer  at  New  London  by  Geo.  K.  Crandall 1893  32 

Photography  as  Relating  to  Engineering  by  W.  H.  Burnett 1888  3 

Plotting,  A  Method  of  by  Rectangular  Coordinates,  by  F.  W.  Whitlockl888  36 

Pipe  Laying,  Notes  on  Heavy,  by  R.  A.  Cairns 1895  24 

Piles,  Cast  Iron,  for  Heavy  Superstructures  by  D.  E.  Bradley.    . . .     1895  35 

Paving  Question,  The,  by  S.  C.  Pierson 1897  54 

Regulation  of  House  Drainage  in  Norwich  by  C.  E.  Chandler 1886  22 

Rental  Value  of  Hydrant  Service  by  C.  E.  Chandler 1888  10 

Rope,  Wire  by  Wm.B.  Palmer 1889  7 

Rain  Gauge,  Report  of  Committee  on . .    . .  1890  1 

Remarks  on  Hydraulic  Pipes  by  E.  H.  Phipps 1891  1 

Roads,  Asphalt,  by  C.  H.  Bunce 1891  36 

Rainfall  and  Sewer  Capacity  by  C.  E.  Chandler 1891  88 


IV  tKDEX. 

Tetr  P»g« 

Boads,  Report  of  Committee  od 1891  98 

Bailroads,  Report  of  Oommittee  on 1891  111 

Roads,  Report  of  Committee  on 1893  24 

Reserroir  and  Dam  at  New  Britain  by  T.  H.  McEenzie 1894  41 

Roads,  Report  of  Special  Committee  on 1894  48 

Railways,  Electric  by  Wm.  G.  Smith 1896  71 

Round  Hill  Street  Sewer  and  Tunnel  by  R.  A.  Cairns 1897  43 

Roaring  Brook  Water  Supply  for  New  Britain  by  T.  H.  McEenzie.  .1898  34 

Sewer  Appurtenances Jan.  13,  1885  10 

Sewerage  Asseesments  by  F.  W.  Whitlock. 1888  57 

Sewers,  Notes  on  the  Care  of,  by  P.  F.  Weld 1890  43 

Sewers,  Report  of  Committee  on 1890  54 

Sewage  Disposal,  Methods  in  Worcester  by  F.  W.  Whitlock 1891  72 

Sewer  Capacity  and  Rainfall  by  C.  £.  Chandler. 1891  88 

Sewerage,  Report  of  Committee  on 1891  91 

Sewage  Disposal  by  Irrigation  and  Filtration  by  T.  H.  McEenzie 1892  11 

Sewerage  System  of  the  City  of  Meriden  by  Wm.  S.  Clarke 1893  17 

Sewer  Outfall  at  New  London  by  Geo.  E.  CrandalL 1893  32 

Sanitary  Progress  in  Massachusetts  in  Water  Supply  and  Sewerage 

by  F.  P.  Stearns. 1894  15 

Shop  and  Mill  Construction  by  B.  E.  Field 1894  75 

Sewer  and  Tunnel  in  Round  Hill  Street  by  R.  A.  Cairns .1897  43 

Sewer,  Intercepting,  at  Hartford  by  C.  H.  Bunce 1897  37 

Sewage  Disposal  Works  at  New  Rochelle,  N.  Y.,  by  J.  E.  Wilkes. . .  1898  21 

Tunnelling  by  B.  H.  Hull 1887  19 

Thames  River  Bridge,  Foundations  and  Piers,  by  Col  .J.  A.  Monroe,  1889  27 
The  Loss  to  the  Civil  Engineer  by  his  Lack  of  Sociability  by  Edwin 

D.Gravee 1898  42 

Valuation  and  Classification  of  Water  Works  Property  for  the  Pur- 
poses of  Taxation  by  T.  H.  McEenzie 1897  50 

Water  Works  in  Bristol  by  R.  D.  Barnes Apr.  15, 1885  5 

Waterbury  City  Water  Works  by  N.  J.  Welton Apr.  15, 1885  9 

Water  Supply  of  Cities  and  Towns  by  H.  W.  Ayers Apr.  15,  1885  17 

Water  Works  at  Bath,  Me.,  by  F.  B.  Durfey 1888  32 

Wire  Rope  by  Wm.  B.  Palmer 1889  7 

Water  Works,  Report  of  Committee  on 1890  59 

Water  Works  at  Farmington  by  A.  R.  Wadsworth 1890  35 

Worcester's  Method  of  Sewage  Disposal  by  F.  W.  Whitlock 1891  72 

Water  Works.  Report  of  Committee  on : 1891  110 

Water  for  Domestic  Uses  by  Thomas  M.  Drown 1894  26 

Water  Works  Reservoir  at  New  Britian  by  Percy  M.  Blake 1894  30 

Water  Supply,  Increase  for  City  of  Waterbury  by  R.  A.  Cairns 1894  04 

Water  Works  at  Norwich  by  C.  E.  Chandler 1895  42 

Water  for  Domestic  Uses,  Filtration  of  by  Joseph  B.  Rider. 1895  59 

Water  Works  Property,  Valuation  and  Classification  of  for  the  Pur- 
poses of  Taxation  by  T.  H.  McEenzie 1897  60 

Water  Supply  for  New  Britain,  Roaring  Brook,  by  T.  H.  McEenzie.  .1898  34 


III  competitive  tests,  "  HOFFMAN  "  is  always  ahead. 
ARCHITECTS   SHOULD   SPECIFY 


OFFMAN 


99  ROSENDALE 
CEMENT. 


Stands  at  the  Head  of  American  Cements  for 

TENSILE  STRAIN,    - 

UNIFORM  QUALITY, 

INCREASING  STRENGTH. 

Extensively  used  by  the  U.  S.  Oorerament, 

FOR  FURTHER  INFORMATION  APPLY  TO 

LAWRENCE  CEMENT  CO., 

SALES  OFFICE,  No.  I  BROADWAY.  NEW  YORK  CITY. 


^mm^ 


THE  LUDLOW  VALVE  MT'G  CO., 


MANUrAOTUBXBS  07 


Talrei!  mil  Fin  HtM. 


This  Hydrant  is  anti-freezing,  becanae 
when  the  drainage   is  good  no 
water  is  left  in  it  to  freeie. 

The  drip  is  direoUy  in  the  bottom  of    ^^^' 

the  hydrant  and  drains  perfectly. 

It  is  protected  by  its  valve, 

which    never   leaves   its 

socket  and  therefore 

cannot  be  clogged. 


Double  and 

SiniTloClAte 

VALVES, 


CHECK  Y&LYES 
FOOT  VALVES, 

SE2T3D   FOR   aJlROXJXsJLR& 


FIRE  HYDRANTS 

YARD, 

Wash. 

AND 

Flush 

HYDRANTS 


Office  and  Works. 


938to954RiverSy67to83VailAve. 


EDWARD  McMANUS, 

General  Contractor. 

GRADING,  PAVING,  PIPE  LAYING, 

EARTH  AND  MASONRY  DAMS, 

^  s  e:  "w  e:  x%  s  ^ 


Personal  Attention  Given  and  First-Class  Work 
CInaranteed. 


ESTIMATES  FURNISHED. 


WATERBURY,  CONN. 

57  Union  Street. 


KSTABLISHKP    1866. 

Warren  Foundry  and  Machine  Co. 

WORKS  at  PHIL11P8BUR6,  K  J. 
Sales  Office,  No.  160  Broadway,  New  York. 


Cast-iron,  water  and  gas 

From  3  TO  48  INCHES  DIAMETER.      \ 

— AliSO—  I 

ALL  SIZES  OF  FLANGED  PIPE 

AND  SPECIAL  CASTINGS. 
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THE  PinSBURG  BRIDGE  COMPANY 

Pittsburg,  Pa. 

Designing  Engineers  and  Manufacturers 

OF 

Buildings  and  Bridges. 


COLLINS  &  NORTON, 
NEW  ENGLAND  AGENTS. 


SPRINGFIELD.  MASS. 


Drawing 
MaterialsoB 


;^BLUE  PRINT  PAPERS 

Sold  at  Lowest  Prices  by 

E.  Q.  SOLTHANN, 

119  FULTON  ST., 
NKW  YORK. 


TRACINGS  COPIED  ^y,;;;;*^"*  p''^- 


BUILD  IN  WINTER  OR  ANY  SEASON 

WITH 

WATERPROOF   SURFACE 


3  ;iilJ  h  Watt -mrttul'  p:!t|itr.     2  uiiA  4  I't'irj^nf 

>i"o.  S  Snrrokf  Wuuiicn  ^Jflt*, 

THE  BEST  SUBSTITUTE  FOR  LATH  and  PLASTER 

In  sheets  4  ft.  wide  >^  in.  thick.    Lengths  8,  9, 

10, 12, 14, 16, 18  ft.    Send  for  samples  and  prices. 

e.  a.  SOLT/IANN  COMPO-BOARD  DEP'T. 

164.  Hr.  46  St.,  New  York. 


Engineering  Instruments. 

QUEEN  &  CO.  Philadelphia,  Pa. 

Drawing  Instruments. 

High  Grade  Transits  and  Levels,  Tapes, 

Rods,  Profile  Papers,  Drawing  and 

Blue  Print  Papers. 


NEW  YORK  OFFICE,  116  FULTON  STREET. 
Send  for  Catalogrue. 


GEORGE  M.   EDDY  5  CO., 


Of  Cotton,  Linen  and  Steel  for  all  purposes.    Sole  manufacturers  of 
PAINirS  U.  S.  STANDARD  STEEL  TAPES. 

Also  Standard  Band  Measures,  |-inch  wide,  graduated  each  10  feet  of  any  length  desired  ;  will 
not  kink,  or  break.  Steel  Tapes  have  become  an  indispensable  article  for  every  Surveyor, 
Engineer,  Sec  wherever  a  standard  measure  of  considenible  leDftth  is  required.    Wb  dksibk  to 

CALL  ATTBNTION  TO  OUR  NKW  IMPROVED  FlUSH  IlAltDLE  AMD   METHOD  FOB  WlNDINO  StEEL 

Tapes,  vbich  ts  univebballt  approved.    Send  for  Catalogue. 

345.353  Classen  Ave..     •       -     BROOKLYN,  N.  Y. 


MID  IN  EVERY  WAY  SUPERIOR  TO  SCOTCH,  CEMENT,  OR  GLAZED  PIPE 


mi^ 


Oin  TIITl:    CKIjEBnATKT} 


lumoniuiD 
01 VITBIFO  SEWER  PIPE' 

E  ^lE.  A.  WAHITER,  New  Haven,  Conn. 

ci^CjrciiIiirH.  TcrtDB  and  Samples,  f  urnifihcd  to  oppUcanta  ^jrB 
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BE  SURE  AND  GET  MY  PRICES  WHEN  READY  TO  PUCE  ORDERS. 

Large  Discounts  to  Dealers  Officials  &  Contractors. 


BUKF  &  BERGER, 

IMPROVED 

Engineering  and  Surveying  Instruments, 

No.  9  ProviDce  Court,  Boston,  Mass. 

They  aim  to  secure  in  their  Instruments  : — Accuracy  of  iHrUion;  Simplicity  in  manipula- 
tiott;  IJyhtneHH  combined  with  ntrength;  Achromatir  telescope,  with  high  power  ;  Steadint-nn  of 
ad)u^tment»  under  raryinq  temperatnreH  ;  Stiffnexn  to  aroid  any  tremor^  even  in  a  ttrong  wind, 
and  thorough  workmanship  in  every  part. 

Their  instrumentn  are  in  general  use  by  the  U.  S.  GoTemment  Engineers,  GcolopistB  and 
Surveyors,  and  the  ranse  of  instruments,  as  made  by  them  for  Kirer,  Harbor,  iity,  Bridge, 
Tunnel,  Railroad  and  Mining  Engineering,  as  well  as  those  made  for  Triangulation  or  Topo- 
graphical Work  and  Lund  Sur\'eying,  etc.,  is  larger  than  that  of  any  other  firm  in  the  country. 

Illustrated  Manual  and  Catalogue  5ent  on  Application. 

MILLER  AUTOMATIC  SIPHON 


FOR 


INTERMITTENT  FLUSH  TANKS. 


aailiii 
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PACIFIC     FI.USH     TANK    CO., 

84  LA  SALLE  STREET,  CHICAGO. 


Surveying  Instruments. 

Genuine  Swiss  Drawing  Instruments, 
Drawing  and  Blue  Process  Papers, 
Slide  Rules,  T  Squares,  Triangles,  Scales, 
Drawing  Tables  and  General  Office  Sup- 
plies. 

SarTejrIn;  lustromentg  Carefalljr  Repaired- 
K0LE8CH  A  CO.,  155  FULTON  STREET,  NEW  TORE. 

Illustrated  Catalogue  on  application. 

R.  D.Wood  &  Co. 

Engineers,  Iron  Pounders,  Machinists, 
400  CHESTNUT  STREET,  PHILADELPHIA,  PA. 

Foandries  and  Works:    Millville,   N.   J.,   Florence,   N.   J.,   Camden,    N.   J. 

GAS  AND  WATER  WORKS. 

MANUFACTURE  EVERY  DESCRIPTION  OF 

^%   A   ^%«^pi      Mathews'  Single  and  Double 
^r/\^    I  Valve  Fire  Hydrants. 

—IRON— 


Eddy  Valves, 

Valve  Indicator  Posts. 


PIPE. 


GAS  HOLDERS  AND  GAS  MACHINERY. 

Hydraulic  Cranes,  Presses,  Lifts,  Etc.    Turbines,  and 
Water  Power  Pumps. 

SUGAR  HOUSE  WORK.    LOAH  CASTINGS.    HEAVY  SPECIAL  MACHINERY. 
GENERAL  CASTINGS. 


Trap  Rock  for  Hacadam  and  Concrete. 

DAILY  CAPACITY  OP  CRUSHERS  2,600  TONS. 

Qaarries  on  N.  Y.,  N.  H.  &  H.  R.  B.  at  Meriden,  Conn. 
**        **  Boston  &  Albany  B.  B.  at  Wefttfield,  Mass. 
•  North  BiTer,  at  Weebawken,  N.  J. 

ROAD  BUILDING  DEPARTMENT. 

Steam  Rollers,  Portable  Crushers,  and  complete  equipment 
for  the  construction  of  Stone  Roads. 

ESTIMATES    FURNISHED. 

JFOHUr  H.  r^AWK  «  tlOW,  iHerlden,  Conn. 

C.  W.  Blakbslbb.  D.  a.  Blakxslbb.  D.  W.  Bi^lksslbe. 

C.  W.  BLAKESLEE  &  SONS. 

GENERAL  CONTRACTORS. 

Experts  In  Street  Paving  and  Macadam  Road  Making. 

steam  and  Electric  Bailroads,   Dams,    Sewers,  and   Heavy  Masonrj   Baili. 
Baildiog  Stone,  Crasbed  Stone,  and  Belgian  Blocks  Farnisbed. 

68   WAVERLY   STREET,    NEW    HAVEN,   CONN. 


ESTABLISHED    1873. 


Pac-Slnlle  of  Barrel  and  Label. 


"BROOKLYN    BRIOOE    BRAND" 


ROSENDALE 

HYDRAULIC 


CEMENT. 


Specified  and  Used  by  tiie  Leading  Arcliitects, 
Engineers  and  Builders. 

This  Cement  is  Absolutely  Hydraulic,  Dark,  Finely  Ground, 
Uniform ;  Stands  the  Highest  Tests,  and  will  permit  the  Use  of 
the  Largest  Proportion  of  Sand.  Especially  Adapted  for  Heavy 
Masonry,  Sewers  and  Concrete  Work.  Net  weight  300  lbs,  per 
barrel. 

Call  for  and  insist  on  this  brand  being  delivered. 
It  is  the  Best,  therefore  the  Cheapest. 


New  York  and  Rosendale  Cement  Co., 

Sales  Office,  280  Broadway,  N.  Y.  City. 


Clye  3ack$on  $  mooditi  mfg.  €o. 

BERWICK.     F'A. 
Manufacturers  of 

CAST  IRON,  QAS  AND  WATER 

Special  Castings.  Enerlne  Castings. 


The  Enqineerinq  RECOI^D 

GIVES  PROMINBHCE  TO 

MUNICIPAL  ENGINEERING. 

Conttruofion  and  Operaiion  of  Woier-worlct,  Sewers  end  Sewage  Ditpoeal  Plants,  Roads 
and  Pavements,  Garbage  Disposal. 

GENERAL   CIVIL  ENGINEERING. 

Docks,  River  and  Harbor  Improvements,  Subways,  Canals,  Contrsetor's  PIsnt. 

STRUCTURAL  ENGINEERING. 

Bridges  end  Buildings,  Ventilstion,  Heating,  Elevator  Service,  Lighting,  PlambUig. 

STEAM  ENGINEERING. 

Design,  Construction  and  Management  of  Power  Plants. 


Published  EVERT  SATVBDAT,  at  lOO  WILLIAM  STREET,  NEW  TORX. 
$S.OO  per  year;    Single  Copies,  19  Cents, 


The  is  the  recognized  medium  for  advertisements  inviting 

RiuriiMCCDiMri    P^'oposals  for  all  Municipal  and  U.  S.  Government  Eu- 

dNQINCCKINU    ^ineeringi  and  Public  Building  Work.     Its  subscribers 

RECORD         include  the  experienced  and  reliable  Contractors  and 

Manufacturers  of  Engineering  and  Building  Supplies  in 

all  sections  of  the  United  States  and  Canada.    The  RECORD'S  value  to 
secure  competition  in  bids  is  therefore  obvious. 


W.  &  L.  E.  GURLEY, 

TROY.    N'.Y,, 


ivU    l-nguieers    and   Surveyor^'  TniTisi! 
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THE  NEW  YORK  PUBLIC  UBRARY 
HEFBBENCB  DEPARTMENT 

Thi,  book  i.  u«d„  „o  •!«»„„„...  ,.  fc^ 
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